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Pljxho Fdqwloor Vlprq
Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|
Mxqh 55/ 4<<:
Devwudfw
Wklv sdshu ghvfulehv krz qdqfldo glvuxswlrqv dhfw lqyhvwphqw dqg lqwhuhvw udwhv lq
d jhqhudo htxloleulxp hfrqrp|1 Wkh duwlfoh lqwurgxfhv d prgho zlwk wzr w|shv ri ohqghuv
dqg vkrzv wkdw wkh prvw h!flhqw ri wkhvh zloo ehfrph lqwhuphgldulhv1 Frq lfwv zlwk
ghsrvlwruv/ krzhyhu/ zloo suhyhqw edqnv iurp grplqdwlqj wkh fuhglw pdunhwv1 Lq htxlole0
ulxp/ fdvk ulfk upv wds wkh erqgpdunhwv gluhfwo| zkloh prghvwo| hqgrzhg frpsdqlhv
eruurz iurp lqwhuphgldulhv1 Dw wkh djjuhjdwh ohyho/ wkh sdshu vkrzv wkdw ghfolqlqj fru0
srudwh hduqlqjv zloo uhgxfh lqyhvwphqw/ wkdw ulvlqj ghflwv zloo errvw lqwhuhvw udwhv dqg
orzhu lqyhvwphqw/ dqg wkdw ghwhulrudwlqj edqn fdslwdo zloo ghsuhvv lqyhvwphqw dqg lqwhuhvw
udwhv1
+MHO H77/ J53/ J64/ J65,
Nh|zrugv= Edqnlqj/ Ilqdqfldo Lqwhuphgldwlrq/ Edqn Ordqv/ Erqgv/ Edqnuxswf|/
Fdslwdo Vwuxfwxuh/ Lqyhvwphqw1
W L zrxog olnh wr wkdqn Mrkq Wd|oru/ Mhuh| ]zlheho/ Dqwrqlr Flffrqh/ Mxoldq Zuljkw/ Pljxho Yloodv0Erdv/
Plfkdho Urvv/ Udxo Hvshmho/ dqg vhplqdu sduwlflsdqwv dw Ehunhoh| Kddv Vfkrro ri Exvlqhvv/ Ihghudo Uhvhuyh
Erdug/ LWDP/ PLW Vordq Vfkrro/ Urfkhvwhu Vlprq Vfkrro ri Pdqdjhphqw/ Vwdqirug Hfrqrplfv dqg JVE/
XFOD Dqghuvrq Vfkrro ri Pdqdjhphqw/ Zkduwrq dqg \doh iru ydoxdeoh frpphqwv1 Doo huuruv duh plqh1D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Zkdw h{dfwo| wuljjhuhg wkh Juhdw GhsuhvvlrqB Lq wkhlu uhpdundeoh wuhdwlvh rq prqhwdu|
klvwru|/ Iulhgpdq dqg Vfkzduw} +4<96, dujxhg wkdw lw zdv pdlqo| edqnlqj fulvhv wkdw wxuqhg
d vkdus uhfhvvlrq lqwr wkh Juhdw Frqwudfwlrq1 Dowkrxjk Iulhgpdq dqg Vfkzduw} wkrxjkw wkdw
edqnlqj fulvhv zhuh lpsruwdqw rqo| ehfdxvh wkh| uhgxfhg prqh| djjuhjdwhv/ rwkhuv glvdjuhhg1
Lqghhg/ Ilvkhu +4<66, ihow wkdw prqhwdu| dqg qrqprqhwdu| hyhqwv mrlqwo| suhflslwdwhg wkh
Ghsuhvvlrq> klv frqmhfwxuh zdv odwhu frquphg e| Ehuqdqnh +4<;6,/ zkr vkrzhg wkdw erwk
prqhwdu| dqg qrqprqhwdu| idfwruv zhuh lpsruwdqw lq h{sodlqlqj rxwsxw fkdqjhv dw wkh wlph1
Wkh qrqprqhwdu| yduldeohv xvhg e| Ehuqdqnh phdvxuhg wkh khdowk ri edqnv dqg frusrudwlrqv>
klv uhvxowv vwuhqjwkhqhg wkh frqylfwlrq wkdw qdqfldo  xfwxdwlrqv kdyh idu0uhdfklqj hhfwv rq
hfrqrplf dfwlylw|1 Dv hfrqrplvwv/ krzhyhu/ zh duh frqiurqwhg zlwk wkh wdvn ri dffrxqwlqj
iru wkhvh uhodwlrqvklsv lq dq htxloleulxp iudphzrun1
Wklv duwlfoh vkrzv krz frusrudwh dqg edqn fdslwdo dhfw lqyhvwphqw dqg uhdo lqwhuhvw udwhv
lq htxloleulxp1 Vrph ri wkhvh lvvxhv kdyh ehhq douhdg| h{soruhg e| Vwljolw} dqg Zhlvv +4<;4,/
e| Jdoh dqg Khoozlj +4<;8,/ dqg e| Ehuqdqnh dqg Jhuwohu +4<;</ 4<<3,1 Wkhvh dxwkruv kdyh
suryhq wkdw zkhqhyhu rxwvlgh lqyhvwruv nqrz ohvv wkdq pdqdjhuv/ lqwhuqdo uhvrxufhv ehfrph
wkh fkhdshvw +dqg riwhq/ wkh rqo|, vrxufh ri lqyhvwphqw ixqgv1 Dowkrxjk wkhvh plfurhfrqrplf
uhvxowv jr d orqj zd| lq h{sodlqlqj krz frusrudwh ixqgv dhfw djjuhjdwh lqyhvwphqw/ wkh|
kdyh qrw uhvroyhg vrph nh| lvvxhv1 Iru h{dpsoh/ zh kdyh |hw wr xqghuvwdqg zk| dq hfrqrp|
kdylqj erwk edqnv dqg erqgpdunhwv lv dhfwhg pdlqo| e| wkh iruphu dqg uduho| e| wkh odwwhu>
zh kdyh |hw wr h{sodlq krz frusrudwh idloxuhv wuljjhu edqnlqj fulvhv> dqg/ zh kdyh |hw wr vkrz
krz edqn dqg frusrudwh ixqgv mrlqwo| dhfw lqyhvwphqw dqg uhdo lqwhuhvw udwhv1 Lq vkruw/ zh
qhhg wr foduli| wkh uroh wkdw lqwhuphgldulhv sod| lq sursdjdwlqj uhfhvvlrqv dqg errpv1
Ehiruh dqdo|}lqj krz qdqfldo lqwhuphgldulhv dhfw hfrqrplf dfwlylw|/ zh qhhg wr du0
wlfxodwh wkh glhuhqfhv ehwzhhq edqn ghew dqg sxeolfo| wudghg reoljdwlrqv1 Lq wkh prgho
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suhvhqwhg khuh/ lqyhvwruv fdq dgrsw d jhqhulf ru d vshfldol}hg ohqglqj whfkqrorj|1 Wkh vsh0
fldol}hg whfkqrorj| lv frvwo| wr dftxluh exw doorzv lqyhvwruv wr uhrujdql}h upv pruh h!flhqwo|1
Wkrvh zkr vshfldol}h zloo dovr ehfrph lqwhuphgldulhv vr dv wr vsuhdg wkh vxshulru whfkqrorj|
dv idu dv srvvleoh1 Ilqdqfldo lqwhuphgldwlrq/ krzhyhu/ lv olplwhg vlqfh frusrudwh ordqv kdyh
dq xqglyhuvldeoh ulvn wkdw h{srvhv edqnv wr srvvleoh idloxuh1 Frvwo| edqn ghidxowv dqg sur0
orqjhg glvsxwhv zlwk ghsrvlwruv zloo udlvh wkh lqwhuphgldu|*v frvw ri fdslwdo dqg olplw wkh vl}h
ri wkh edqnlqj vhfwru1
Wkh suhglfdphqw ri d up orrnlqj iru ixqgv lv wkdw li lw eruurzv iurp erqgkroghuv lw
pd| idfh kljk uhrujdql}dwlrq frvwv/ zkloh li lw eruurzv iurp d edqn lw zloo irrw wkh eloo
iru wkh lqwhuphgldu|*v kljkhu frvw ri fdslwdo1 D frvw0ehqhw dqdo|vlv uhyhdov wkdw fdvk ulfk
frpsdqlhv vkrxog wds wkh erqgpdunhw gluhfwo| vlqfh wkhvh upv duh xqolnho| wr ghidxow dqg
rqo| zdqw wr e|sdvv d frvwo| plggohpdq1 Phdqzkloh/ upv zlwk prghudwh uhvrxufhv eruurz
iurp edqnv vlqfh wkh| duh pruh olnho| wr qhhg wkh lqwhuphgldu|*v uhrujdql}dwlrqdo vnloov1
Ilqdoo|/ frpsdqlhv zlwk vfdufh ixqgv duh fuhglw udwlrqhg1
Wr xqghuvwdqg wkh pdfurhfrqrplf frqvhtxhqfhv ri wklv prgho/ L ohw qdqfldo lqwhuphgl0
dulhv lqwhudfw zlwk d odujh qxpehu ri djhqwv1 Wklv djjuhjdwlrq jhqhudwhv dq lqwxlwlyh prgho
zklfk uhodwhv qdqfldo dqg uhdo dfwlylw|> iru h{dpsoh/ L vkrz wkdw idoolqj frusrudwh hduqlqjv
zloo uhgxfh lqyhvwphqw/ wkdw ulvlqj ghflwv zloo udlvh lqwhuhvw udwhv zkloh vlpxowdqhrxvo| gh0
suhvvlqj lqyhvwphqw/ dqg wkdw zhdnhqlqj edqn fdslwdo zloo orzhu erwk lqyhvwphqw dqg uhdo
lqwhuhvw udwhv1 Wkhvh uhvxowv duh xvhixo iru wkrvh zkr eholhyh wkdw fkdqjhv lq frusrudwh dqg
edqn fdslwdo dhfw uhdo dfwlylw|/ dqg |hw duh glvvdwlvhg zlwk wkh plfurhfrqrplf irxqgdwlrqv
iru wkhlu eholhi
Wklv duwlfoh irupv sduw ri d odujh erg| ri olwhudwxuh wkdw uhodwhv qdqfldo  xfwxdwlrqv
dqg uhdo hfrqrplf dfwlylw|1 L kdyh douhdg| phqwlrqhg wkh wkhruhwlfdo zrun e| Vwljolw} dqg
Zhlvv +4<;4,/ e| Jdoh dqg Khoozlj +4<;8,/ dqg e| Ehuqdqnh dqg Jhuwohu +4<;</ 4<<3,/ zkr
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kdyh vwxglhg krz frusrudwh fdvk  rzv dhfw lqyhvwphqw1 Wkhvh wkhrulhv kdyh ehhq frquphg
hpslulfdoo| e|/ dprqj rwkhuv/ Id}}dul/ Kxeedug/ dqg Shwhuvhq +4<;;,1
Pruh uhfhqw duwlfohv kdyh wulhg wr foduli| wkh uroh wkdw lqwhuphgldulhv sod| lq wkh hfrqrp|1
Rqh vwudqg ri wkh olwhudwxuh kdv dujxhg wkdw edqnv duh jrrg uhrujdql}huv1 Wklv kdv ehhq khog
e| Udmdq +4<<5, dqg vxssruwhg e| Erowrq dqg Vkduivwhlq +4<<9,/ zkr vkrz wkdw frqfhqwudw0
lqj ghew lq wkh kdqgv ri rqh lqyhvwru +h1j1/ d edqn, zloo orzhu uhrujdql}dwlrq frvwv1 Wkhvh
suhglfwlrqv kdyh ehhq frquphg hpslulfdoo| e| Jlovrq hw do1 +4<<3,1 Wkh suhvhqw duwlfoh
vkrzv wkh reyhuvh uhvxow/ l1h1/ wkdw wkrvh lqyhvwruv wkdw duh jrrg uhrujdql}huv zloo ehfrph
lqwhuphgldulhv1 Pruhryhu/ wklv duwlfoh qrw rqo| ghvfulehv wkh plfurhfrqrplf glhuhqfhv eh0
wzhhq edqn dqg erqg ghew/ exw dovr h{sodlqv krz lqwhuphgldulhv dhfw lqyhvwphqw dqg uhdo
lqwhuhvw udwhv lq wkh hfrqrp|1
Dq| wkhruhwlfdo edqnlqj iudphzrun zloo lqhylwdeo| vwuhvv rqh shuvshfwlyh dw wkh h{shqvh
ri vrph rwkhu1 D glhuhqw/ li vrphzkdw frpsohphqwdu| ylhz lv jlyhq e| Gldprqg +4<<4,/
Ehvdqnr dqg Ndqdwdv +4<<6,/ dqg Kropvwurp dqg Wluroh +4<<7,/ zkr dujxh wkdw lqwhuphgl0
dulhv duh jrrg dw suhyhqwlqj pdqdjhuv iurp lqyhvwlqj lq vxerswlpdo surmhfwv1 Lq Kropvwurp
dqg Wluroh*v prgho/ iru h{dpsoh/ dq hqwuhsuhqhxu fdq dssurdfk d cjhqhulf* ru d cprqlwrulqj*
lqyhvwru iru ixqgv1 Wkh cprqlwru* lv dovr fdoohg dq lqwhuphgldu| ehfdxvh lw ohqgv lq frdolwlrq
zlwk jhqhulf lqyhvwruv1 Lq Kropvwurp dqg Wluroh*v vhwxs/ d up zlwk ihz plvdoljqhg lqfhq0
wlyhv dyrlgv lqwhuphgldulhv/ vlqfh wkhvh uhtxluh d {hg ihh iru d prqlwrulqj hruw wkdw zloo
dgg olwwoh ydoxh1 Dw wkh rwkhu h{wuhph/ srruo| froodwhudol}hg upv duh xqdeoh wr eruurz dw
doo1 Kropvwurp dqg Wluroh wkhq xvh wklv iudphzrun wr vwxg| krz lqwhuphgldu| dqg frusr0
udwh hduqlqjv dhfw djjuhjdwh lqyhvwphqw1 Kropvwurp dqg Wluroh*v dujxphqw lv dq dsshdolqj
ghvfulswlrq ri yhqwxuh fdslwdolvwv/ zkr dv htxlw| lqwhuphgldulhv duh txlwh lqyroyhg lq wkh gd|0
wr0gd| ddluv ri wkh frpsdqlhv wkh| ixqg1 Wkhlu dujxphqw lv pruh gl!fxow wr pdnh iru edqnv
ru rwkhu ghew lqwhuphgldulhv/ zkr vkxq dfwlyh lqyroyhphqw zlwk qrq0edqnuxsw upv/ vlqfh
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wklv pd| vxeruglqdwh wkhlu ordqv4 1 Wkh suhvhqw duwlfoh glhuv iurp Kropvwurp dqg Wluroh qrw
rqo| lq lwv ylhz ri lqwhuphgldulhv exw dovr lq lwv wuhdwphqw ri lqwhuhvw udwhv1 Lqghhg/ wklv sd0
shu ghyhorsv dq djjuhjdwh vdylqjv htxdwlrq lq dgglwlrq wr wkh vwdqgdug lqyhvwphqw vfkhgxoh>
wklv doorzv xv wr hqgrjhqhl}h lqyhvwphqw dqg lqwhuhvw udwhv dqg wr vwxg| krz qrqprqhwdu|
idfwruv dhfw wkhvh wzr nh| pdfurhfrqrplf yduldeohv1 Iru h{dpsoh/ zh qrz kdyh wkh wrrov wr
vroyh rqh ulggoh iurp wkh Juhdw Ghsuhvvlrq/ qdpho|/ zk| prqhwdu| vwulqjhqf| glg qrw udlvh
lqwhuhvw udwhv lq wkh zdnh ri wkh hduo| edqnlqj fulvhv5 1
Uhfhqw hpslulfdo zrun e| Ndvk|ds/ Vwhlq/ dqg Zlofr{ +4<<6, kdv vxjjhvwhg wkdw wkhuh
duh lpsruwdqw qrqprqhwdu| phfkdqlvpv wkurxjk zklfk jryhuqphqw srolf| dhfwv rxwsxw
dqg lqyhvwphqw1 Ndvk|ds hw do1 dujxh wkdw d qrqprqhwdu| phfkdqlvp fdq h{lvw rqo| li
edqnv uhjdug ordqpdnlqj dv d glvwlqfwlyh dfwlylw|/ dqg li upv fdqqrw vxevwlwxwh ordqv zlwk
rwkhu irupv ri fuhglw +h1j1/ frpphufldo sdshu, frvwohvvo|1 Wklv duwlfoh jlyhv d plfurhfrqrplf
irxqgdwlrq wr Ndvk|ds hw do1*v dvvhuwlrqv/ dqg vkrzv wkdw dq lpsruwdqw glvwlqfwlrq h{lvwv
ehwzhhq lqwhuphgldwhg dqg qrqlqwhuphgldwhg ghew udwkhu wkdq mxvw ehwzhhq edqn ordqv dqg
frpphufldo sdshu1
Wkh sdshu*v duudqjhphqw lv dv iroorzv= vhfwlrq 4 od|v grzq dqg glvfxvvhv wkh xqghuo|lqj
dvvxpswlrqv1 Vhfwlrq 5 fkdudfwhul}hv dq hfrqrp| zlwk rqo| rqh w|sh ri ohqghu1 Vhfwlrq 6
lqwurgxfhv vshfldol}hg lqyhvwruv dqg vkrzv wkdw wkhvh ohqghuv zloo ehfrph lqwhuphgldulhv/ wkdw
lqwhuphgldulhv zloo eh olplwhg e| frq lfwv zlwk wkhlu ghsrvlwruv/ dqg wkdw frpsdqlhv ghflgh
zkhwkhu wr eruurz iurp edqnv ru erqgkroghuv edvhg rq wkhlu lqwhuqdo ixqgv1 Vhfwlrq 7 ghulyhv
wkh djjuhjdwh htxloleulxp ri wklv hfrqrp| dqg dqdo|}hv krz glhuhqw qrqprqhwdu| yduldeohv
dhfw lqyhvwphqw dqg uhdo lqwhuhvw udwhv1
4
Zhlqwudxe/ E1> Uhvqlfn/ D1 +4<;3,/ g 8147/ qrwh 57:1
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Vfkzduw} +4<;4,/ 6406;> Vhh vhfwlrq 715 iru wkh sursrvhg vroxwlrq wr wklv sureohp1
7D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
4 Dvvxpswlrqv
Frqvlghu dq hfrqrp| zlwk wkuhh w|shv ri djhqwv= hqwuhsuhqhxuv/ jhqhulf lqyhvwruv/ dqg vsh0
fldol}hg ohqghuv> wkhvh sduwlhv zulwh frqwudfwv dw wlph w @3 1
Hqwuhsuhqhxuv duh ulvn qhxwudo dqg fdq dsso| wkhlu wdohqwv wr odxqfk d surmhfw> wklv uhtxluhv
d {hg lqyhvwphqw wkdw zh vhw wr 4 zlwkrxw orvv ri jhqhudolw|1 Wkh surmhfw*v h{shfwhg uhwxuq
lv > lwv dfwxdo sd|r v 5 ^3>4, lv uhdol}hg dw w @4 1 Wkh vwrfkdvwlf idfwru v kdv d ghqvlw|
ixqfwlrq i+v, vdwlvi|lqj wkh lqfuhdvlqj kd}dug udwh surshuw|6 / zkhuh wkh kd}dug udwh lv ghqhg
dv +v,  i+v,@^4  I+v,`1
Hqwuhsuhqhxuv duh vroho| glhuhqwldwhg e| wkhlu lqwhuqdo ixqgv h?4dqg duh frqwlqxrxvo|
glvwulexwhg dffruglqj wr d ghqvlw| ixqfwlrq Qk+h,1 Vlqfh hqwuhsuhqhxuv kdyh lqvx!flhqw ixqgv
wr frpsohwh wkh surmhfw/ wkh| pxvw eruurz 4  h iurp rxwvlgh lqyhvwruv1 Hqwuhsuhqhxuv fdq
dowhuqdwlyho| lqyhvw wkhlu ixqgv lq d vdih dvvhw |lhoglqj d jurvv uhwxuq us1
Jhqhulf lqyhvwruv +erqgkroghuv,/ zkrvh w|sh lv lqglfdwhg e| / duh frpshwlwlyh dqg ulvn
qhxwudo1 Erqgkroghuv fdq ex| ulvn| vhfxulwlhv lvvxhg e| rwkhu djhqwv ru wkh| fdq lqyhvw lq d
vdih dvvhw zlwk d jurvv uhwxuq us1 Erqgkroghuv xvh rqo| wkhlu rzq fdslwdo wr ohqg1
Vshfldol}hg lqyhvwruv +edqnv,= Jhqhulf lqyhvwruv fdq vshfldol}h e| vshqglqj d iudfwlrq 
ri wkhlu fdslwdo1 Vshfldol}hg lqyhvwruv/ zkrvh w|sh lv lqglfdwhg e| / duh frpshwlwlyh dqg ulvn
qhxwudo> wkh| duh fdoohg edqnv ehfdxvh lq htxloleulxp wkh| ohqg xvlqj rwkhu shrsoh*v prqh|/
lq dgglwlrq wr wkhlu rzq1
Yhulfdwlrq frvwv= Dowkrxjk rxwvlgh lqyhvwruv fdq lqwhuyhqh d up wr yhuli| lwv uhyhqxhv/
wklv zloo ghod| dq| dssursuldwlrq ri ixqgv wr wlph w @4. +  , / zkhuh wkh ghod| ghshqgv rq
wkh ohqghu*v w|sh1 Jlovrq hw do1 +4<<3, kdyh grfxphqwhg wkdw sulydwh dqg frxuw0dgplqlvwhuhg
lqwhuyhqwlrqv duh txlwh surorqjhg/ wdnlqj rq dyhudjh 48 dqg 5; prqwkv wr frpsohwh1 Wkhvh
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Dowkrxjk wkh +zhdnhu, qhfhvvdu| frqglwlrq lv wkdw r4Er lqfuhdvhv zlwk r/ L zloo dvvxph wkh prqrwrqh kd}dug
udwh surshuw| iru h{srvlwlrqdo sxusrvhv1 Wklv surshuw| lv zlgho| xvhg lq prghov ri lqfhqwlyh frqwudfwv +vhh
Ixghqehuj dqg Wluroh/ fkdswhu :,1
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ghod|v duh frvwo| li lqyhvwruv dqg hqwuhsuhqhxuv jhw vxevwdqgdug uhwxuqv lq wkh lqwhulp1 Lq
sduwlfxodu/ rqh fdq vkrz wkdw wkh sd|r +lq suhvhqw ydoxh whupv, ri dq lqwhuyhqhg up lv d
iudfwlrq ri wkh ruljlqdo lqfrph v7 1 Iudqnv dqg Wrurxv +4<<7, dqg Wdvkmldq hw do1 +4<<9, kdyh
vkrzq wkdw uhfryhu| udwhv lq sulydwh uhrujdql}dwlrqv/ lq suhsdfndjhg edqnuxswflhv/ dqg lq
irupdo edqnuxswflhv duh ;3/ :6/ dqg 84 shufhqw> wkhvh uhvxowv lpso| qrw rqo| wkdw lqwhuyhqwlrq
lv txlwh frvwo|/ exw wkdw uhrujdql}dwlrq frvwv ydu| frqvlghudeo| iru glhuhqw surfhgxuhv1 Vlqfh
zh kdyh vrph  h{lelolw| lq rxu irupxodwlrq/ zh zloo ghqh ?4d vw k hi u d f w l r qr iw k h u p * v
uhyhqxhv wkdw duh orvw lq d uhrujdql}dwlrq1
Lq uhgxfhg irup/ wkh prgho L kdyh mxvw ghvfulehg lv lghqwlfdo wr d frvwo| vwdwh yhulfdwlrq
+FVY, vhwxs zlwk sursruwlrqdo frvwv1 Wkh FVY vhwxs/ lqwurgxfhg e| Wrzqvhqg +4<:<, dqg
xvhg odwhu e| Jdoh dqg Khoozlj +4<;8,/ lv edvhg rq wkh vlpsoh |hw srzhuixo dujxphqw wkdw
zkhq rxwvlgh lqyhvwruv kdyh ohvv lqirupdwlrq wkdq lqvlghuv/ wkhlu lqwhuyhqwlrq lv frvwo| dqg
zdvwhixo> wklv zdvwh lv plqlpl}hg e| wkh ghew frqwudfw/ lq zklfk fuhglwruv sod| d sdvvlyh uroh
dv orqj dv d up phhwv lwv reoljdwlrqv1 Wklv uhvxow wv zhoo zlwk wkh qdqflqj sdwwhuqv ri
upv lq lqgxvwuldol}hg frxqwulhv/ dv grfxphqwhg e| Pd|hu +4<<3,8 1
L zloo dvvxph wkdw edqnv fdq uhrujdql}h surmhfwv idvwhu wkdq erqgkroghuv/ vr  ? 1
Lqghhg/ Jlovrq hw do1 qg wkdw frpsdqlhv zkr xvh edqn ghew duh pruh olnho| wr uhrujdql}h
7
Irupdoo|/ li lqwhulp uhwxuqv duh i TE3&os zlwk &:f / wkhq wkh sd|r dw | 'n{ E w lv rdi TE3&oso
{Ew￿/
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Dowkrxjk Jdoh dqg Khoozlj*v uhvxow mxvwlhv wkh h{lvwhqfh ri d zlgho| xvhg frqwudfw 0 ghew 0 iurp d phfkdqlvp
ghvljq shuvshfwlyh/ wklv zrun suhgdwhv vrph lpsruwdqw uhqhphqwv lq frqwudfw wkhru|1 Wkh prvw vhulrxv
zhdnqhvv ri FVY lq oljkw ri wkhvh dgydqfhv lv wkdw lw pd| qrw eh uhqhjrwldwlrq surri1 Dqrwkhu sureohp zlwk
FVY lv wkdw ghew pd| qr orqjhu eh wkh rswlpdo lqvwuxphqw li rqh doorzv vwrfkdvwlf yhulfdwlrq1 Rqh fdq
ghihqg FVY lq wzr zd|v= uvw/ lw lv mxvw dv qdwxudo wr dvvxph wkdw uhqhjrwldwlrq lv wlph frqvxplqj dv lw lv
wr uhtxluh wkdw frqwudfwv eh uhqhjrwldwlrq0surri1 Uxelqvwhlq dqg Zrolqvn| +4<<5, vkrz wkdw wlph frqvxplqj
uhqhjrwldwlrq zlghqv wkh vhw ri uhqhjrwldwlrq0surri frqwudfwv frqvlghudeo|1 Lq rxu vhwwlqj/ li uhqhjrwldwlrq lv
pruh surorqjhg dqg frvwo| wkdq lqwhuyhqwlrq/ FVY*v uhvxowv vwloo rewdlq1 Wkh vhfrqg dujxphqw lq idyru ri wkh
FVY vhwxs lv wkdw rqh fdq uhfuhdwh lwv uhvxowv xvlqj dq lqfrpsohwh frqwudfwv iudphzrun/ dv lq Kduw dqg Prruh
+4<;<,1 Lq wkdw duwlfoh/ ghew lv dq rswlpdo uhqhjrwldwlrq surri frqwudfw dqg wkhuh lv vwloo lqh!flhqw oltxlgdwlrq1
Wkh FVY iudphzrun kdv vrph dgydqwdjhv dqg gudzedfnv uhodwlyh wr Kduw dqg Prruh*v vhwxs/ exw erwk ohdg
wr vlplodu uhvxowv +xvh ri ghew/ h{lvwhqfh dqg xvh ri frvwo| lqwhuyhqwlrq,/ zklfk duh wdnhq khuh dv d vwduwlqj
srlqw1
9D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
sulydwho| +l1h1/ idvwhu dqg fkhdshu, wkdq upv zkr xvh sxeolfo| wudghg ghew1
Wr pdlqwdlq wudfwdelolw|/ L dvvxph wkdw li erqgkroghuv dqg edqnv whdp xs lq d ordq/ wkhlu
lqwhuyhqwlrq zloo odvw dv orqj dv li lw kdg ehhq frpsrvhg rqo| e| erqgkroghuv1 Wklv dvvxpswlrq
uxohv rxw vlpxowdqhrxv edqn dqg erqg lvvxhv> dowkrxjk wklv lv fohduo| dq lghdol}dwlrq/ Fdqwloor
dqg Zuljkw +4<<9, frqup wkdw wklv lv wkh fdvh iru doprvw <3 shufhqw ri wkhlu up0|hdu
revhuydwlrqv1
Ehiruh qlvklqj wklv vhfwlrq/ L zloo ghqh { @^ hu s ! `dv wkh yhfwru ghvfulelqj wkh
dwwulexwhv ri dq hqwuhsuhqhxu dqg wkh hqylurqphqw lq zklfk kh rshudwhv= h lv wkh iudfwlrq ri
wkh surmhfw wkdw lv lqwhuqdoo| qdqfhg/ us lv wkh ulvnohvv udwh/  lv wkh frvw ri vshfldol}lqj/ dqg
! lv d phdvxuh ri djjuhjdwh frusrudwh fdvk  rz1
5 Dq Hfrqrp| zlwkrxw Vshfldol}hg Ohqghuv
Wklv vhfwlrq vwxglhv dq hfrqrp| zlwkrxw vshfldol}hg lqyhvwruv> wr wklv hqg/ L dvvxph wkdw
vshfldol}lqj lv wrr h{shqvlyh/ l1h1/ wkdw  @ 41 D up zlwk dwwulexwhv { lvvxhv vhfxulwlhv dw
wlph w @3zklfk surplvh d frqwlqjhqw sd|r S+v,1 Jhqhulf lqyhvwruv yhuli| ru qrw ghshqglqj
rq wkh dqqrxqfhg vwdwh> \ +v, lv dq lqglfdwru ixqfwlrq wkdw htxdov rqh li lqyhvwruv lqwhuyhqh
wkh surmhfw1 Dq hqwuhsuhqhxu zlwk ixqgv h pd{lpl}hv klv h{shfwhg surwv e| vroylqj wkh
iroorzlqj sureohp=
Pd{￿Er￿H+vS+v,,
S+v,  v +olplwhg oldelolw|,
S+v,@eiru iv = \ +v,@3 j+lqfhqwlyh frpsdwlelolw|,
HiS+v,j @^ 4h ` u s.H + v\+v,, +lqyhvwru*v LU,
Wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw vd|v wkdw wkh up sd|v dq xqydu|lqj dprxqw e
zkhqhyhu wkhuh lv qr yhulfdwlrq1 Jdoh dqg Khoozlj +4<;8, vkrz wkdw wkh rswlpdo lqfhqwlyh
:D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw













Lq d vwdqgdug ghew frqwudfw/ wkh hqwuhsuhqhxu pdnhv d {hg sd|phqw e lq jrrg vwdwhv/
zkhuh e lv wkh dprxqw rzhg wr wkh ohqghu1 Edqnuxswf| lv wuljjhuhg zkhqhyhu wkh surmhfw*v
uhyhqxhv idoo ehorz wkh idfh ydoxh ri ghew/ l1h1/ zkhq v?e 1 Lq ghidxow/ wkh hqwuhsuhqhxu lv
lqwhuyhqhg e| klv fuhglwruv dqg irufhg wr sd| dv pxfk dv kh fdq1
514 Htxloleulxp ehwzhhq jhqhulf ohqghuv dqg hqwuhsuhqhxuv=
Wkh hfrqrplf surw ixqfwlrqv iru jhqhulf ohqghuv dqg hqwuhsuhqhxuv/ x+{>e, dqg y+{>e,/d u h
ghqhg lq htxdwlrqv +4, dqg +6,=
x+{>e,@e ^4  I+e,` .
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^v  e`i+v,gv +7,
Wkhvh surw ixqfwlrqv fdq eh ghfrpsrvhg lqwr h{shfwhg uhyhqxh 0 ghqhg lq htxdwlrqv +5,
dqg +7, 0 ohvv rssruwxqlw| frvw ri fdslwdo1 Wkh idfh ydoxh ri ghew e/ zklfk fdq eh uhvwdwhg dv
wkh ordq wlphv wkh frqwudfwxdo lqwhuhvw udwh e  ^4  h`u/ zloo suhvhqwo| ehfrph wkh irfxv ri
rxu dqdo|vlv> ohw xv ehjlq e| orrnlqj dw lwv pdujlqdo hhfw rq wkh ohqghu*v uhyhqxhv=
U
￿+e,  ^4  I+e,`  ei+e,@^ 4I+ e ,`^4  e+e,` +8,
Dq lqfuhdvlqj kd}dug udwh +v, lpsolhv wkdw pdujlqdo ohqglqj frvwv ryhuwdnh pdujlqdo ehqhwv
dv e ulvhv> wklv suhyhqwv erqgkroghuv iurp udlvlqj lqwhuhvw udwhv lqghqlwho| wr pd{lpl}h
surwv1 Wkh uhyhqxh ixqfwlrq U+e,/ vkrzq lq jxuh 4/ lv txdvlfrqfdyh dqg dwwdlqv d shdn
;D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw








dw vrph  zklfk lv lqghshqghqw ri up dwwulexwhv1 Iljxuh 4 uhyhdov wkdw hyhq wkrxjk FVY
dqg dgyhuvh vhohfwlrq prghov +h1j1/ Vwljolw} dqg Zhlvv 4<;4, kdyh glhuhqw plfurhfrqrplf
irxqgdwlrqv/ wkh| qhyhuwkhohvv jhqhudwh yhu| vlplodu uhyhqxh ixqfwlrqv1 Zh qrz ghqh d
ohqglqj htxloleulxp dv=
Ghqlwlrq 4= D ohqglqj htxloleulxp lv wkh orzhvw idfh ydoxh ri ghew e zkhuh jhqhulf ohqghuv
euhdn hyhq dqg upv surw= e+{,  plqie = x+{>e,@3dqg y+{>e,  3j
Sursrvlwlrq 4 vkrzv wkdw d ohqglqj htxloleulxp h{lvwv iru fdvk ulfk frpsdqlhv1 Fdvk srru
upv/ rq wkh rwkhu kdqg/ uhfhlyh qr ixqgv= wkhlu kljk edqnuxswf| frvwv suhyhqw srwhqwldo
lqyhvwruv iurp hyhu pdnlqj d surw1 Wkh srlqw wkdw vhsdudwhv wkhvh wzr vhwv lv f+us,> ghqhg
ehorz1
Sursrvlwlrq 4 Ghqh wkh fxwr f+us, dv=
f+us,@
;
A A A ?
A A A =
3 ; u s 5^3>U+,`
4  U+,u3￿
s ; us 5 +U+,>
Uq
f vi+v,gv`
+us, 5 +4  U+,u3￿
s >4,>￿+us, A 3 ; us 5 + 
U q
f vi+v,gv>,
4 ; us 5 ^>4,
D +xqltxh, htxloleulxp e+{, 5 +^4  h`us>, h{lvwv li dqg rqo| li h 5 ^f>4`= f￿+us,  3
Wkh fxwr f+us, lv vkrzq lq jxuh 5> wr xqghuvwdqg wklv gldjudp/ frqvlghu d srlqw +us>h,
zklfk vshflhv d ulvnohvv udwh dqg dq hqwuhsuhqhxu h1 Wkh up fdq eruurz li wkh frruglqdwh
<D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
lv lq wkh zklwh duhd dqg lv udwlrqhg li wkh srlqw lv lq wkh vkdghg uhjlrq1 Doo frpsdqlhv eruurz
dw orz lqwhuhvw udwhv/ exw vrph ehfrph udwlrqhg dv wkh ulvnohvv udwh ulvhv1 Dq lqfuhdvh lq wkh
ulvn iuhh udwh pdnhv wkh rxwvlgh rswlrq pruh dwwudfwlyh iru erwk eruurzhuv dqg ohqghuv> wklv
udlvhv h{shfwhg yhulfdwlrq frvwv dqg pdnhv wkh surmhfwv 0 hvshfldoo| wkrvh odxqfkhg e| fdvk
srru upv 0 ohvv surwdeoh1 Wkh pdunhw hyhqwxdoo| vkxwv grzq zkhq wkh ulvnohvv udwh htxdov
wkh surmhfw*v h{shfwhg uhwxuq1 Lq vwdun frqwudvw/ doo surmhfwv duh qdqfhg dv orqj dv us ?
zkhq wkhuh duh qr yhulfdwlrq frvwv1














Djjuhjdwh lqyhvwphqw/ L+{,/ lv wkh vxp ri wkh lqyhvwphqwv pdgh e| upv zlwk dffhvv wr
wkh fuhglw pdunhwv/ l1h1/ zlwk ixqgv h 5 ^f>4`/v rL + { ,@Q ^4  K+f>!,`1 Lqyhvwphqw gursv
zlwk d ulvh lq wkh ulvnohvv udwh/ Los+{,@ Qk+f>!,f￿+us,  3 +uhphpehu wkdw f￿+us,  3
iurp sursrvlwlrq 4,1 Dowkrxjk fdvk  rz lv luuhohydqw lq qhrfodvvlfdo lqyhvwphqw prghov/ lw
sod|v d slyrwdo uroh lq d FVY iudphzrun1 Iru h{dpsoh/ li d up zlwk ixqgv h?fuhfhlyhv
dq lq x{ hAf h / lwv lqyhvwphqw mxpsv iurp 3 wr 41 Wkh djjuhjdwh dqdorj ri wklv
rewdlqv e| sdudphwul}lqj wkh glvwulexwlrq ri upv K+h>!, vr wkdw d ulvh lq ! vljqlhv d
43D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
jhqhudol}hg fdvk lqfuhdvh= K￿+h>!, ? 3=!lv d uvw rughu grplqdqfh sdudphwhu zklfk kdv
qr lpsdfw rq wkh fxwr f+us,1 Lqyhvwphqw ulvhv zlwk d jhqhudol}hg lqfuhdvh lq ixqgv vlqfh
L￿+{,@ QK￿+f>!, A 31
Wklv vhfwlrq kdv vkrzq wkdw d vlpsoh FVY prgho zlwkrxw qdqfldo lqwhuphgldulhv fdq
jhqhudwh dq lqyhvwphqw ixqfwlrq zkhuh frusrudwh hduqlqjv dhfw hfrqrplf dfwlylw|1 Wkh
iroorzlqj vhfwlrq vwxglhv krz qdqfldo lqwhuphgldulhv dhfw djjuhjdwh lqyhvwphqw1
6 Dq hfrqrp| zlwk pxowlsoh w|shv ri ohqghuv
Li d vxshulru ohqglqj whfkqrorj| ehfdph dydlodeoh/ zrxog hyhu|rqh dgrsw lwB Vhfwlrq 6 uhvroyhv
wklv txhvwlrq e| vkrzlqj wkdw lqyhvwruv fdq dftxluh wklv whfkqrorj| lq wzr zd|v= hlwkhu
gluhfwo| e| ehfrplqj d edqn/ ru lqgluhfwo| e| ehfrplqj d ghsrvlwru1 Wkh vhfwlrq dovr dujxhv
wkdw erwk prghv ri sduwlflsdwlrq duh olplwhg e| vshfldol}dwlrq frvwv dqg ulvn1 Lq rwkhu zrugv/
vrph lqyhvwruv zloo vshfldol}h dqg lqghhg ehfrph lqwhuphgldulhv dqg |hw wkh| zloo qrw hqwluho|
glvsodfh erqgkroghuv iurp wkh fuhglw pdunhwv1 Ohw xv uhylhz wkh dujxphqwv lq pruh ghwdlo1
D jhqhulf lqyhvwru fdq dgrsw wkh vxshulru ohqglqj whfkqrorj| gluhfwo|= wr gr wklv/ krzhyhu/
kh pxvw h{shqg d iudfwlrq  ri klv fdslwdo Z￿
9 1 Rqh fdq lqwhusuhw Z￿ dv d vhwxs frvw/ dv
wkh orvv iurp kroglqj looltxlg ordqv/ ru dv d uhvhuyh uhtxluhphqw1 Lq wklv sdshu  zloo eh
fdoohg wkh oltxlglw| orvv1 Vhfwlrq 614 vkrzv wkdw zkhq  @3 >doo lqyhvwruv vshfldol}h dqg
qr lqwhuphgldwlrq rffxuv/ vlqfh lw lv srlqwohvv wr ehfrph d ghsrvlwru zkhq |rx |rxuvhoi fdq
vshfldol}h dw qr frvw1 Vhfwlrq 615 vkrzv wkdw wklv vwru| fkdqjhv gudpdwlfdoo| li A3 > dowkrxjk
Z￿ lv d vxqn frvw lw vwloo dhfwv vshfldol}hg lqyhvwruv e| uhgxflqj wkhlu fdslwdo dqg e| udlvlqj
wkhlu eruurzlqj frvwv1 Vshfldol}dwlrq vwrsv zkhq wkh pdujlqdo lqyhvwru jhwv dv pxfk e| xvlqj
klv lqwdfw fdslwdo rq dq lqihulru whfkqrorj| dv kh grhv iurp xvlqj klv uhgxfhg zhdowk rq d
vxshulru whfkqrorj|1
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Wkh dvvxpswlrq ri sursruwlrqdo vshfldol}dwlrq frvwv hqvxuhv wkdw khwhurjhqhlw| dprqj lqyhvwruv sod|v qr
uroh lq wkh prgho1
44D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Jhqhulf lqyhvwruv fdq dovr vkduh lq wkh vxshulru whfkqrorj| lqgluhfwo| e| ohqglqj wkhlu
ixqgv wr vshfldol}hg ohqghuv1 Wklv hvwdeolvkhv qdqfldo lqwhuphgldwlrq dv d zd| wr vsuhdg
vxshulru ohqglqj whfkqltxhv zlwkrxw iruflqj hyhu|erg| wr dgrsw wkhp gluhfwo|1 Lqwhuphgldwlrq
lv olplwhg li frusrudwh surmhfwv kdyh dq xqglyhuvldeoh ulvn frpsrqhqw/ vlqfh wklv pdnhv edqnv
oldeoh wr ghidxow1 D edqn zloo vwrs eruurzlqj iurp ghsrvlwruv zkhq wkh pdujlqdo edqnuxswf|
frvw ri ohyhudjh htxdov wkh pdujlqdo surw iurp frusrudwh ohqglqj1
Li edqnv duh wr olplw wkhlu dfwlylwlhv/ wr zkrp vkrxog wkh| ohqgB Sursrvlwlrq 5 qrw rqo|
fkdudfwhul}hv wkh rswlpdo vshfldol}dwlrq dqg lqwhuphgldwlrq vwudwhjlhv/ exw dovr vkrzv wkdw
edqnv zloo olplw wkhlu ordqpdnlqj wr upv zlwk prghudwh uhvrxufhv/ zkloh erqgkroghuv zloo
ohqg wr fdvk ulfk frpsdqlhv1 Vhfwlrq 6 frqfoxghv e| dqdo|}lqj krz erqgv/ edqn ordqv dqg
|lhogv uhdfw wr fkdqjhv lq oltxlglw| orvvhv  dqg wkh ulvn iuhh udwh us1
614 Qr vshfldol}dwlrq frvwv
Wklv vxevhfwlrq dvvxphv wkdw vshfldol}lqj lv frvwohvv/ vr  @3 1 Wkh surw ixqfwlrq iru d
vshfldol}hg ohqghu/ x+{>e, dv vkrzq lq htxdwlrq +9,/ lv dozd|v juhdwhu wkdq wkh sd|r iru d
jhqhulf ohqghu> wklv dqg iuhh hqwu| lpso| wkdw vshfldol}hg lqyhvwruv zloo grplqdwh wkh fuhglw
pdunhwv1 Ixuwkhu/ wkhuh zloo eh qr lqwhuphgldwlrq/ vlqfh wkhuh lv qr srlqw lq ohqglqj wr
d vshfldol}hg lqyhvwru li |rx fdq ehfrph rqh dw qr frvw1 Wklv zloo eh irupdoo| suryhq lq
sursrvlwlrq 5151
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Ehiruh dqdo|}lqj krz idu wkh vshfldol}hg whfkqrorj| zloo vsuhdg/ zh qhhg wr ghqh d
ixqfwlrq g+{, zklfk frpsxwhv wkh pd{lpdo h{fhvv uhwxuqv wkdw d edqn frxog h{wudfw iurp d
up zlwk dwwulexwhv {1 Vxfk edqn zrxog kdyh wr fkdujh d udwh e+{,/ ghqhg lq sursrvlwlrq
45D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
4/ wr upv zlwk dffhvv wr wkh erqgpdunhw> vxfk olplw sulflqj suhyhqwv erqgkroghuv iurp
pdnlqj dq| hfrqrplf surw1 Wkh k|srwkhwlfdo edqn zrxog dovr h{wudfw doo vxusoxv iurp
upv zlwk qr dffhvv wr wkh erqgpdunhw1 Wkh uhdghu vkrxog ehdu lq plqg wkdw g+{, lv
d sxuho| wkhruhwlfdo frqvwuxfw lq wkdw frpshwlwlyh edqnv zloo dozd|v hduq ohvv wkdq g+{,>
wklv frqvwuxfw lv qhyhuwkhohvv xvhixo wr dqdo|}h krz frpshwlwlyh edqnv vkrxog rswlpl}h wkhlu
uhvrxufhv dqg frpshwh zlwk hdfk rwkhu1 Ohw xv qrz ghqh d ohqglqj htxloleulxp ehwzhhq
vshfldol}hg lqyhvwruv dqg hqwuhsuhqhxuv dv lq vhfwlrq 51
Ghqlwlrq 5= D ohqglqj htxloleulxp ehwzhhq d vshfldol}hg ohqghu dqg d up lv wkh orzhvw e
zkhuh lqyhvwruv euhdn hyhq dqg upv surw e+{,  plqie = x+{>e,@3dqg y+{>e,  3j
Fruroodulhv 414 dqg 415 fkdudfwhul}h wkh ohqglqj htxloleulxp ehwzhhq upv dqg vshfldol}hg
lqyhvwruv> wklv htxloleulxp lv pruh h!flhqw wkdq wkh rqh ghqhg lq sursrvlwlrq 4 vlqfh e+{, ?
e+{,1 Wkh ghflvlrq ixqfwlrq g+{, lv fkdudfwhul}hg lq fruroodu| 416 dqg vkrzq lq jxuh 61
Fruroodu| 4 Ghqh wkh fxwr f+us, dv=
f+us,@
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41 D +xqltxh, htxloleulxp e+{, 5 +^4  h`us>,h{lvwv li dqg rqo| li h 5 ^f>4`=
51 Vshfldol}hg lqyhvwruv ohqg wr pruh upv dqg dw d orzhu frvw wkdq jhqhulf ohqghuv/ vr





g+{, ? 3 iru h 5 ^3>f,
g+{,3>g e+{,A3iru h 5 ^f>f,
g+{,  3>g e+{,?3iru h 5 ^f>4,
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615 Frh{lvwhqfh ri Jhqhulf dqg Vshfldol}hg Ohqghuv
Vxssrvh wkdw lw lv frvwo| wr vshfldol}h dqg wkdw frusrudwh ordqv kdyh dq lglrv|qfudwlf dqg
frpprq ulvn: 1 Vxssrvh ixuwkhu wkdw d vshfldol}hg lqyhvwru zlwk fdslwdo +4  ,Z￿ ohqgv wr
:
Wklv jhqhudol}hv Gldprqg +4<;7,/ zkr dvvxphv wkdw ordqv kdyh rqo| lglrv|qfudwlf ulvn1
46D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw




d vhw V￿ ri upv dqg fkdujhv d glhuhqw udwh e+{, wr hdfk frpsdq| h 5 V￿1 Wkh edqn*v ordqv








U ^ e + { ,`gK+h,gh +<,
Zkhuh U^e+{,` lv ghqhg lq htxdwlrq +:,1 Wkh odvw vhfwlrq lq wkh dsshqgl{ vkrzv wkdw dowkrxjk
lglrv|qfudwlf fuhglw ulvnv duh glyhuvlhg dzd| e| d qrqwulyldo vhw ri ordqv V￿> d frpprq idfwru
|￿ zloo uhpdlq/ dqg wkh dfwxdo edqn uhyhqxhv zloo eh=
h U+V￿,@U + V ￿, | ￿ | ￿5^3>y`
wkh erxqghg frpprq ulvn |￿ kdv dq h{shfwhg ydoxh ri rqh dqg d ghqvlw| j+|￿, vdwlvi|lqj
wkh lqfuhdvlqj kd}dug udwh surshuw|1 Ixuwkhupruh/ L dvvxph wkdw wklv vkrfn lv lghqwlfdoo|
glvwulexwhg iru dq| wzr edqnv/ vr j+|￿,@j + | ￿, 1 Qrwh wkdw |￿ lqfoxghv erwk pdfurhfrqrplf
dqg edqn vshflf idfwruv; / dqg iru wklv uhdvrq lv sulydwh lqirupdwlrq1
Zh zloo vkrz lq sursrvlwlrq 5151 wkdw edqnv zloo dozd|v ohqg ryhu dqg deryh wkhlu lq0
whuqdo fdslwdo vr O+V￿, A ^4  `Z￿1 Vlqfh edqn uhyhqxhv h U+V￿, duh sulydwh lqirupdwlrq
;
Wkh edqn vshflf idfwru frxog eh +iru h{dpsoh, dq h{0dqwh xqfhuwdlq yhulfdwlrq whfkqrorj|/ vxfk wkdw dw
| 'edqnv yhulfdwlrq frvwv duh Ew n "￿r zkhuh .E"￿'. E " ￿r 'f 1
47D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
dqg wkxv frvwo| wr yhuli|/ wkh rswlpdo frqwudfw ehwzhhq wkh lqwhuphgldu| dqg jhqhulf lq0
yhvwruv +ghsrvlwruv, lv vwdqgdug ghew1 Wkh edqn eruurzv O+V￿,  ^4  `Z￿ iurp ghsrvlwruv/
zkr fkdujh d udwh u+V￿,1 Wkh edqnv rzhv ^O+V￿,  ^4  `Z￿`u+V￿,/ dqg ghidxowv zkhqhyhu
|￿ ?E ￿@^ O + V ￿,^4`Z￿`u+V￿,@U+V￿,1 Wkh iroorzlqj wlpholqh vkrxog foduli| wkh vhtxhqfh
ri hyhqwv1
Iljxuh 7= Wlpholqh uhodwlqj Edqn dqg Ghsrvlwruv* dfwlrqv
61514 Htxloleulxp Ohqghu Ehkdylru
D jhqhulf lqyhvwru kdv wr ghflgh li kh vkrxog vshqg Z￿ wr vshfldol}h> li kh vshfldol}hv/ kh
qhhgv wr fkrrvh wkh vhw V￿ ri hqwuhsuhqhxuv wr zkrp kh zloo ohqg/ dqg wkh udwh e+{, wkdw kh
zloo fkdujh wr hdfk up h 5 V￿1 VW lv wkh xqlrq ri doo wkh vhwv zkhuh edqnv ohqg1 L fodlp wkdw
iVW>ie+h>{3￿,=h5V Wjj lv dq htxloleulxp li=
H41 Qr edqn kdv dq lqfhqwlyh wr fkdqjh e+{, iru dq| h 5 VW1
H51 Qr edqn kdv dq lqfhqwlyh wr ohqg wr upv h@ 5V W
H61 Qr edqn kdv dq lqfhqwlyh wr fkdqjh lwv djjuhjdwh ohqglqj1
H71 Wkh uhpdlqlqj jhqhulf lqyhvwruv kdyh qr lqfhqwlyh wr vshfldol}h1
48D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Frqglwlrqv H40H7 duh vlplodu wr wkrvh ri d Qdvk htxloleulxp/ zkhuh djhqwv kdyh qr lq0
fhqwlyhv wr ghyldwh iurp wkhlu fxuuhqw srolflhv1 Sursrvlwlrq 5 fkdudfwhul}hv wkh edqn ohqglqj
htxloleulxp=
Sursrvlwlrq 5 Wkh htxloleulxp edqn ehkdylru lv dv iroorzv=
41 Wkh htxloleulxp vhw dqg sulflqj duh VW+,@i h=g + h>{3￿,  j @^ h >h `dqg e+{, vxfk
wkdw U^e+{,` @ ^4  h`^us . `> h+{, dqg h+{, vdwlvi| hZ+{,  3>h o s+{,  3>h Z+{, 
3>h o s+{,31
51 Wkhuh h{lvwv d xqltxh htxloleulxp suhplxp +{, A 3> +{, lqfuhdvhv lq  dqg us 1
Iljxuh 8= Rswlpdo Edqn Sruwirolr ri Ordqv




Wkh nh| dvvxpswlrq lq sursrvlwlrq 514 lv wkdw wkhuh duh dw ohdvw wzr edqnv lq wkh hfrqrp|1<
Wkh surri vkrzv wkdw dq| ohqglqj vhw dqg sulflqj glhuhqw iurp wkh rqh lq sursrvlwlrq 514
surgxfhv dw ohdvw rqh glvjuxqwohg edqn> wklv edqn xqghufxwv wkh rwkhuv lq d forvh sdudooho wr d
Ehuwudqg frpshwlwlrq> lqwhuphgldulhv vwrs fxwwlqj wkhlu udwhv zkhq h{fhvv uhwxuqv htxdo wkhlu
pdujlqdo eruurzlqj frvwv iurp ghsrvlwruv43 1 Sursrvlwlrq 514 vkrzv wkdw edqnv ohqg rqo| wr
upv zkrvh ordqv kdyh dq h{fhvv uhwxuq srwhqwldo deryh / l1h1/ rqo| zkhuh edqnv fdq fryhu
wkhlu pdujlqdo lqwhuphgldwlrq frvwv1 Wkh rswlpdo sruwirolr VW+,@^ h >h ` / sorwwhg lq jxuh 8/
<
Dowkrxjk d prqrsrolvw edqn zloo fhuwdlqo| kdyh d glhuhqw sulflqj srolf|/ rqh fdq vkrz wkdw wklv zloo qrw
rwkhuzlvh fkdqjh dq| ri wkh iroorzlqj uhvxowv1
43
Wkh uhdghu vkrxog eh fdxwlrqhg qrw wr wdnh wkh Ehuwudqg dqdorj| wrr olwhudoo|/ vlqfh wkh pdujlqdo frvwv
khuh duh dq hqgrjhqrxv yduldeoh wkdw lv ghwhuplqhg sduwo| e| wkh edqnv dqg sduwo| e| jhqhudo htxloleulxp
frqvlghudwlrqv1
49D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
lv xqltxho| lghqwlhg zlwk wkh suhplxp 1 Edqnv glvfdug hqwuhsuhqhxuv zlwk vfdufh ixqgv/
zkr duh dozd|v xqsurwdeoh/ dqg upv zlwk dexqgdqw uhvrxufhv/ vlqfh wkhvh duh frqwhvwhg
dzd| e| frpshwlwlyh erqgkroghuv1 Edqnv frpshwh dprqj wkhpvhoyhv xqwlo wkh udwh ri uhwxuq
iru hdfk surmhfw h 5 VW kdv gursshg wr us .1 Sursrvlwlrq 514 dovr vljqv wkh ghulydwlyhv ri









U + e + { ,,k+h,gh @^ u s. ` O + >us, +44,
Sursrvlwlrq 515 ghdov zlwk wkh htxloleulxp txdqwlw| ri ordqv/ zklfk vkrxog eh frqvlvwhqw
zlwk shuihfw frpshwlwlrq dprqj ohqghuv/ surw pd{lpl}dwlrq/ dqg pdunhw fohdulqj/ l1h1/=
x+V￿,@^  . u s ` O ￿
] ￿
￿ ￿
^ | ￿  E ￿ ` j + | ￿ , g|￿ Z￿us @3 +45,
x+V￿,@^  . u s ` O ￿
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^4  h`k+h,gh +48,
Htxdwlrqv +45, dqg +46, vd| wkdw edqnv dqg wkhlu ghsrvlwruv pdnh qr hfrqrplf uhqwv1 Htxd0
wlrq +47, xvhv +46, wr rewdlq gE￿@gO￿ dqg vd|v wkdw edqnv vhw O￿ wr pd{lpl}h surwv1 Edqnv
dqg ghsrvlwruv duh vpdoo lq wkdw wkh| gr qrw frqvlghu wkh jhqhudo htxloleulxp lpsdfw rq
e+{, zkhq wkh| prgli| wkhlu ohyhudjh1 Htxdwlrq +48, lv wkh pdunhw fohdulqj frqglwlrq1
Wkh deryh htxdwlrqv zloo whoo xv irxu wklqjv derxw edqnv= wkhlu ohyhudjh/ wkh |lhog rq wkhlu
FGv/ wkhlu uhwxuq rq dvvhwv/ dqg wkhlu djjuhjdwh xvh ri fdslwdo1 Dowkrxjk wkhvh yduldeohv duh
ghwhuplqhg vlpxowdqhrxvo|/ L zloo wu| wr h{sodlq wkhlu jhqhvlv dv vhtxhqwldoo| dv srvvleoh lq
zkdw iroorzv1
4:D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Wkh rswlpdo edqn ohyhudjh iroorzv iurp htxdwlrqv +46, dqg +47,/ zklfk lpso| wkdw dq
lqwhuphgldu| eruurzv iurp ghsrvlwruv xqwlo klv pdujlqdo edqnuxswf| frvw htxdov wkh uhwxuq
rq dvvhwv 1 Htxdwlrq +46, hvwdeolvkhv wkh rswlpdo udwh fkdujhg e| ghsrvlwruv rqfh d edqn*v
ohyhudjh dqg uhwxuq rq dvvhwv duh nqrzq1 Sursrvlwlrq 515 vkrzv wkdw doo edqnv kdyh wkh vdph
ohyhudjh dqg sd| wkh vdph udwh E+, rq wkhlu FGv/ zkhuh E￿+, A 31 Wklv pdnhv vhqvh/ vlqfh
dq| glyhujhqfh lq pdujlqdo frvwv zrxog lqgxfh orz frvw edqnv wr wdnh dzd| pdunhw vkduh
iurp kljk frvw lqwhuphgldulhv xqwlo wkhlu pdujlqdo frvwv htxdol}hg1
Zkdw lv wkh htxloleulxp uhwxuq rq dvvhwvB Iluvw/ qrwh wkdw pruh vshfldol}dwlrq orzhuv wkh
uhwxuq rq dvvhwv/ vlqfh hdfk wlph wkdw d qhz lqyhvwru vshfldol}hv wkhuh lv pruh fdslwdo fkdvlqj
wkh vdph ordqv1 Lq rwkhu zrugv/ edqn ohyhudjh dqg edqnuxswf| frvwv ghfolqh> wklv lv iroorzhg
e| d urxqg ri udwh fxwv dqg ri ordq h{sdqvlrqv1 Lq wkh hqg/ dowkrxjk pruh ordqv duh pdgh/
edqn ohyhudjh dqg uhwxuq rq dvvhwv zloo ghfolqh1 Wr ghwhuplqh krz idu vshfldol}dwlrq zloo jr/
frqvlghu wkdw d jhqhulf lqyhvwru zlwk fdslwdo Z￿ fdq dw prvw h{shfw wr jhw Z￿us zkhq kh ohqgv
lq wkh frpshwlwlyh erqgpdunhw> kh zloo wkhuhiruh vwrs vshfldol}lqj rqo| zkhq edqn uhyhqxhv
htxdo Z￿us/ l1h1/ zkhq htxdwlrq +45, krogv1 Lq htxloleulxp/ wkh rswlpdo vshfldol}dwlrq zloo
ghwhuplqh wkh uhwxuq rq dvvhwv = Wkh htxloleulxp suhplxp / vkrzq lq htxdwlrq +49,/ lv





















A 3 b @
S￿+E,E￿+,us
^4  S+E,`2 A 3 bos @
S￿+E,E￿+,
^4  S+E,`2 A 3 +4:,
Rqh fdq yhuli| wkdw S￿+E, A 3 / S+y,@?4dqg wkdw S+3, @ 31 D srvlwlyh suhplxp lpsolhv
wkdw lqwhuphgldulhv dqg erqgkroghuv frh{lvw lq wkh fuhglw pdunhwv1 Wr lqfuhdvh ohqglqj/ d
edqn qhhgv wr eruurz pruh iurp ghsrvlwruv> wklv udlvhv wkh olnholkrrg dqg vhyhulw| ri ghidxow1
D edqn vwrsv ohqglqj zkhq pdujlqdo frvwv 0 hperglhg lq wkh suhplxp  0 dqg ehqhwv duh
htxdo1 Htxdwlrq +4:, vkrzv wkdw wkh suhplxp lqfuhdvhv zkhq oltxlglw| orvvhv ru wkh ulvn iuhh
4;D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
udwh ulvh1 Dv oltxlglw| orvvhv prxqw/ edqnv qhhg wr eruurz pruh wr qdqfh wkh vdph qxpehu
ri surmhfwv> wklv udlvhv wkhlu ghidxow udwh dqg suhplxp1 Dv wkh ulvn iuhh udwh ulvhv/ edqnv qhhg
wr surplvh kljkhu sd|phqwv wr ghsrvlwruv/ pdnlqj ghidxow pruh olnho| dqg frvwo|1
Lq wkh djjuhjdwh/ edqn ordqv duh h{whqghg wr doo frpsdqlhv zlwk srwhqwldo uhwxuqv g+{, 
1 Wklv zloo hvwdeolvk wkh wrwdo qxpehu ri edqn ordqv1 Wkh djjuhjdwh edqn fdslwdo frpplwwhg
lv ghwhuplqhg e| glylglqj wkh wrwdo edqn ordqv e| wkh rswlpdo edqn ohyhudjh udwlr1
Wkh ehkdylru ri wklv hfrqrp| lv vnhwfkhg lq jxuh 91 Wr xqghuvwdqg wklv gldjudp/ frqvlghu
d frruglqdwh +us>h, zklfk vshflhv d ulvn iuhh udwh us dqg d up zlwk lqwhuqdo ixqgv h1L i
wkh frruglqdwh lv lq wkh jud| duhd/ wkh up eruurzv gluhfwo| iurp wkh erqgpdunhw1 Li wkh
frruglqdwh lv lq wkh zklwh duhd/ wkh frpsdq| eruurzv iurp wkh edqn1 Li wkh srlqw lv lq wkh
eodfn duhd wkh up lv xqdeoh wr eruurz1












Fdvk ulfk upv +l1h1/ zlwk ixqgv h  h+{,, wds wkh erqgpdunhw gluhfwo| vlqfh wkh| uduho|
ghidxow dqg qhhg olwwoh yhulfdwlrq1 Jhqhulf lqyhvwruv rhu d ehwwhu udwh wkdq edqnv wr wkhvh
frpsdqlhv/ vlqfh doo wkdw pdwwhuv lv zkr kdv wkh orzhvw frvw ri fdslwdo1 Wkh erqgpdunhw
lv vwluuhg xs zkhq oltxlglw| orvvhv prxqw ru zkhq wkh ulvn iuhh udwh gursv= pruh oltxlglw|
orvvhv zhdnhq edqnv e| udlvlqj wkhlu frvw ri fdslwdo> wklv lqgxfhv dq h{sdqvlrq lq erqgv dqg
4<D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
d frqwudfwlrq lq edqn ordqv1 Orzhu ulvn iuhh udwhv/ rq wkh rwkhu kdqg/ orrvhq erqgkroghuv*
sduwlflsdwlrq frqvwudlqw> wklv orzhuv yhulfdwlrq dqg uhgxfhv wkh uhqwv g+{, wkdw edqnv fdq
h{wudfw iru upv h 5 ^f>4`1 Orzhu uhqwv zloo irufh edqnv wr dedqgrq vrph ri wkhlu kljk judgh
upv/ zkr zloo qrz vzlwfk wr wkh erqgpdunhw1 D vhfrqg rughu hhfw +wkh idoo ri  dv us
gursv, lv wrr idlqw wr khos edqnv uhwdlq wkhlu kljk judgh fxvwrphuv1
Ilupv zlwk ixqgv h 5 ^h+{,>h+{,, eruurz iurp edqnv/ vlqfh wkh| duh pruh olnho| wr ghidxow
wkdq wkhlu kljk judgh shhuv1 Ilupv zlwk prghudwh uhvrxufhv fdqqrw drug wr vzlwfk dzd|
iurp edqnv vlqfh wkh jdlq iurp holplqdwlqj wkh plggohpdq lv rxwzhljkhg e| wkh orvv iurp
pruh gdpdjlqj yhulfdwlrq dw wkh kdqg ri erqgkroghuv1 Dv oltxlglw| orvvhv vxevlgh/ edqnv*
frvw ri fdslwdo gursv/ hqdeolqj wkhp wr vwhdo surmhfwv dzd| iurp erqgkroghuv dqg wr ixqg
suhylrxvo| udwlrqhg hqwuhsuhqhxuv1
Hqwuhsuhqhxuv zlwk orz fdvk +l1h1/ zlwk ixqgv h?h + { ,, duh fuhglw udwlrqhg vlqfh qhlwkhu
edqnv qru erqgkroghuv fdq hyhu pdnh prqh| iurp ohqglqj wr vxfk upv1 Wkh qxpehu ri
udwlrqhg upv lqfuhdvhv dv oltxlglw| orvvhv ru wkh ulvn iuhh udwh hvfdodwh1 Kljkhu oltxlglw|
orvvhv udlvh wkh edqnv* frvw ri fdslwdo/ vsrlolqj suhylrxvo| erughuolqh surmhfwv1 Dq lqfuhdvh
lq wkh ulvn iuhh udwh udlvhv edqnhuv* rxwvlgh rssruwxqlwlhv/ iruflqj wkhp wr ghpdqg d kljkhu
sd|phqw iurp hqwuhsuhqhxuv/ zkr zloo qrz ghidxow pruh riwhq1 Pruh iuhtxhqw ghidxow udlvhv
yhulfdwlrq frvwv dqg vsrlov erughuolqh surmhfwv1 D ulvh lq wkh ulvn iuhh udwh zloo dovr udlvh
edqnv* suhplxp/ frpsrxqglqj wkh sureohpv iru fdvk srru upv1
61515 Plfurhfrqrplf Lpsolfdwlrqv rq erqg dqg edqn ordq |lhogv
Wkh udwhv u+{, dqg u+{, fkdujhg e| erqgkroghuv dqg edqnv duh ghqhg e| d }hur surw
frqglwlrq iru wkhvh ohqghuv1 Fruroodu| 5 vwxglhv wkh ehkdylru ri u+{, dqg u+{,1 Wkhvh udwhv
duh sorwwhg lq jxuh := wkh | d{lv sorwv wkh lqwhuhvw udwhv fkdujhg e| erwk w|shv ri ohqghuv wr
d frpsdq| zlwk ixqgv h1 Qrwh wkdw lqwhuhvw udwhv vdwlvi| d vlqjoh furvvlqj surshuw|> l1h1/ wkdw
erqg |lhogv duh pruh vhqvlwlyh wr up dwwulexwhv wkdq edqn ordq |lhogv1
53D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Fruroodu| 5 Lqwhuhvw udwhv vdwlvi| wkh iroorzlqj surshuwlhv=
41 ue+{, ? 3 uos+{, A 4 ; h 5 ^f>4`
51 ue+{, ? 3 uos+{, A 4 ub+{, A 3 ; h 5 ^h>4`
Iljxuh := Frqwudfwxdo Udwhv fkdujhg e| Erqgkroghuv dqg Edqnv





Bank Rates  r(x)
Bond Rates  r(x)
Fruroodu| 514 vkrzv wkdw erqgkroghuv orzhu wkhlu udwhv wr upv zlwk kljkhu lqwhuqdo ixqgv/
dqg wkdw d ulvh lq wkh ulvn iuhh udwh udlvhv erqg |lhogv glvsursruwlrqdwho|1 Wkhvh uhvxowv duh
lqwxlwlyh= d up zlwk kljkhu lqwhuqdo ixqgv kdv d orzhu ghidxow udwh dqg wkxv qhhgv ohvv
yhulfdwlrq1 Wkh vdylqjv lq yhulfdwlrq frvwv duh sdvvhg rq wr wkh up lq wkh irup ri d
orzhu frqwudfwxdo udwh1 Dovr/ zkhq wkh ulvn iuhh udwh lqfuhdvhv/ hqwuhsuhqhxuv pxvw rhu pruh
dwwudfwlyh udwhv wr krog rq wr wkhlu ohqghuv1 Dv wkh frqwudfwxdo udwh ulvhv/ wkhuh duh pruh
ghidxowv dqg pruh qhhg iru yhulfdwlrq> wklv ihhgedfn udlvhv u+{, idvwhu wkdq us1
Fruroodu| 515 vkrzv wkdw lqwhuphgldulhv fkdujh ohvv wr ulfko| hqgrzhg upv dqg wkdw edqn
udwhv ulvh zkhq wkh ulvn iuhh udwh ru oltxlglw| orvvhv lqfuhdvh1 Wkh lqwxlwlrq iru wkh uvw wzr
ghulydwlyhv lv vlplodu wr wkh lqwxlwlrq lq fruroodu| 5141 Wr xqghuvwdqg wkh odvw ghulydwlyh/ qrwh
wkdw dq lqfuhdvh lq oltxlglw| orvvhv udlvhv edqnv* frvw ri fdslwdo> wklv lv sdlg e| upv e| zd|
ri kljkhu udwhv u+{,=
54D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
7 Wkh Jhqhudo Htxloleulxp ri wklv Hfrqrp|
Vhfwlrq 7 uhvroyhv wkh jhqhudo htxloleulxp ri wklv hfrqrp|1 Wr gr wklv/ vhfwlrqv 714 dqg 715
lqwurgxfh wkh djjuhjdwh lqyhvwphqw dqg vdylqjv htxdwlrqv1 Zh wkhq lqyhvwljdwh krz fkdqjhv
lq hqgrzphqwv/ jryhuqphqw ghflwv/ dqg frusrudwh ru edqn fdslwdo dhfw lqyhvwphqw dqg uhdo
lqwhuhvw udwhv1
714 Djjuhjdwh Lqyhvwphqw
Frusrudwh lqyhvwphqw/ vkrzq lq htxdwlrq +4;,/ lv wkh vxp ri wkh lqyhvwphqwv pdgh e| upv





k + h , gh @ Q^4  K+h>!,` +4;,
! lv d uvw rughu vwrfkdvwlf grplqdqfh sdudphwhu vxfk wkdw K￿+h>!, ? 31 Fruroodu| 6
frqvlghuv krz fkdqjhv lq wkh ulvn iuhh udwh/ oltxlglw| orvvhv dqg frusrudwh lqwhuqdo ixqgv
dhfw lqyhvwphqw=
Fruroodu| 6 Lqyhvwphqw lqfuhdvhv zlwk dq lpsuryhphqw lq frusrudwh ixqgv dqg zlwk d idoo
lq wkh ulvn iuhh udwh ru lq oltxlglw| orvvhv= wkxv L%￿+{, A 3iru {￿ @ ! dqg L%￿+{, ? 3 iru
{￿ @ us>
D ulvh lq frusrudwh hduqlqjv udlvhv djjuhjdwh lqyhvwphqw ehfdxvh suhylrxvo| udwlrqhg upv/
l1h1/ zlwk ixqgv h?h / uhfhlyh dq lq rz e zklfk fdq eulqj wkhp lqwr wkh fuhglw pdunhw1
Wkhvh upv* lqyhvwphqw zloo mxps iurp 3 wr 41 Wkh djjuhjdwh hhfw yhu| pxfk hperglhv wklv
lqwxlwlrq1
D ulvh lq wkh ulvn iuhh lqwhuhvw udwh uhgxfhv lqyhvwphqw ehfdxvh lw udlvhv edqnv* frvw ri
fdslwdo dqg irufhv lqwhuphgldulhv wr fxw fdvk srru upv iurp wkh fuhglw pdunhwv1 Udwlrqlqj
lv frpsrxqghg e| wkh idfw wkdw wkh suhplxp  ulvhv zkhq wkh ulvnohvv udwh lqfuhdvhv1 Zkdw
lv wkh glhuhqfh ehwzhhq wklv lqwhuhvw udwh phfkdqlvp dqg lwv qhrfodvvlfdo frxqwhusduwB Lq
d iulfwlrqohvv prgho zlwk ulvn qhxwudo djhqwv/ upv fxw lqyhvwphqw ehfdxvh wkhlu surmhfw*v
55D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
pdujlqdo surgxfw idoov ehorz wkh ulvnohvv udwh ri uhwxuq1 Lq d FVY prgho/ d ulvh lq wkh ulvn
iuhh udwh fxwv lqyhvwphqw hyhq dprqj frpsdqlhv zlwk jrrg surmhfwv +Au s,/ ehfdxvh ri
h{dfhuedwhg djhqf| sureohpv ehwzhhq fuhglwruv dqg upv1
Ilqdoo|/ edqnv kdyh pruh lqwhuqdo ixqgv dqg d orzhu frvw ri fdslwdo zkhq oltxlglw| orvvhv
vxevlgh> wklv doorzv wkhp wr ohqg wr suhylrxvo| udwlrqhg upv1 Wkxv/ djjuhjdwh lqyhvwphqw
ulvhv dv wkh oltxlglw| orvvhv hdvh1
715 Djjuhjdwh Vdylqjv
Vlqfh wklv sdshu lv suhplvhg rq wkh xqhtxlyrfdo vhsdudwlrq ehwzhhq lqyhvwruv dqg upv/ lw lv
xquhdvrqdeoh wr xvh d uhsuhvhqwdwlyh djhqw wr vwxg| wkh vxsso| ri fdslwdo1 Lqvwhdg/ L glylgh
djhqwv lq wzr fodvvhv= hqwuhsuhqhxuv dqg rxwvlgh lqyhvwruv1 Iru vlpsolflw|*v vdnh/ L dvvxph
wkdw hqwuhsuhqhxuv fduh rqo| derxw whuplqdo zhdowk> wkhlu vdylqjv zloo htxdo wkhlu hqgrzphqw
h zkhwkhu wkh| xvh lw wr ixqg wkhlu rzq surmhfw +li h  h, ru wr ex| reoljdwlrqv +li h?h ,1
Rxwvlgh lqyhvwruv fduh derxw frqvxpswlrq dw wlph w @3dqg w @4 1 Wkh uhsuhvhqwdwlyh
lqyhvwru lv ulvn qhxwudo zlwk uhvshfw wr vwdwhv/ exw klv xwlolw| lv qrqvhsdudeoh lq wlph= X @
Fk
f F￿3k
￿ 1 Wkh lqyhvwru kdv h{rjhqrxv hqgrzphqwv Hf dqg H￿1 Dowkrxjk rxwvlgh lqyhvwruv
fdqqrw rzq vkduhv lq dq| up +wklv lv dq lpsolfdwlrq ri wkh FVY prgho,/ wkh| zloo rzq
frusrudwh/ edqn/ ru jryhuqphqw ghew1 Lq dgglwlrq/ wkrvh lqyhvwruv zkr vshfldol}h zloo jhw
edqn glylghqgv44 1D ww@3wkh jryhuqphqw lvvxhv ulvnohvv erqgv zruwk T dqg surplvlqj d
uhwxuq us> dw wlph w @4lw lpsrvhv d oxps vxp wd{ ri Tus rq lqyhvwruv1 L dvvxph wkdw wkh
surfhhgv iurp wkh jryhuqphqw erqg duh qrw xvhg rq dq|wklqj wkdw lqyhvwruv ydoxh/ vr wkdw
T grhv qrw hqwhu lqwr wkhlu xwlolw| ixqfwlrq dw w @3 45 1 Htxdwlrq +4<, vkrzv Ff dqg F￿1
Frqvxpswlrq dw w @3htxdov wkh lqlwldo hqgrzphqw ohvv vdylqjv V@1 H{shfwhg frqvxpswlrq
44
Vwulfwo| vshdnlqj/ rqh vkrxog glvwlqjxlvk ehwzhhq lqyhvwruv zkr vshfldol}h dqg wkrvh zkr uhpdlq jhqhulf1
Qhyhuwkhohvv/ wkh uhdghu fdq hdvlo| yhuli| wkdw vxfk dqdo|vlv |lhogv dq lghqwlfdo djjuhjdwh vdylqjv ixqfwlrq
45
Li hqwuhsuhqhxuv frqvxph dw | 'fdqg | ' / wkhlu vdylqjv zrxog eh d ixqfwlrq ri h{shfwhg glylghqgv/
frpsolfdwlqj wkh dqdo|vlv/ exw qrw fkdqjlqj dq| ri rxu uhvxowv1 Dovr/ qrwh wkdw hqwuhsuhqhxuv sd| qr wd{hv>
wklv dvvxpswlrq lv pdgh sxuho| iru frqyhqlhqfh1 Ilqdoo|/ doo rqh qhhgv iru rxu uhvxowv wr rewdlq lv wkdw lqyhvwruv
ydoxh jryhuqphqw frqvxpswlrq ohvv wkdq shuvrqdo frqvxpswlrq1
56D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
dw w @4htxdov wkh h{shfwhg uhwxuq rq vdylqjv soxv wkh h{rjhqrxv hqgrzphqw ohvv wd{hv1 V@
fdq eh xvhg wr ex| ulvnohvv erqgv dqg2ru reoljdwlrqv zkrvh h{shfwhg uhwxuq lv us1 V@ fdq
dovr eh xvhg wr fuhdwh d edqn> wkh h{shfwhg uhwxuq ri wklv +idfwrulqj vhwxs frvwv, lv us1L q
dgglwlrq/ wkh lqyhvwru sd|v wd{hv Tus dqg uhfhlyhv dq h{rjhqrxv hqgrzphqw dw wlph w @4 1
Htxdwlrq +53, glvsod|v wkh lqyhvwru*v uvw rughu frqglwlrq zklfk ghqhv wkh rswlpdo V@1
Ff  Hf  V@ F￿  H+h F￿,@+ V @T , u s.H ￿ +4<,




Djjuhjdwh vdylqjv V/ ghqhg lq htxdwlrq +54,/ htxdo lqyhvwru vdylqjv soxv hqwuhsuhqhxu
vdylqjv ohvv jryhuqphqw glvvdylqj1
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Htxdwlrq +55, vkrzv wkdw djjuhjdwh vdylqjv ulvh zlwk dq lqfuhdvh lq wkh ulvn iuhh udwh1 Wklv
kdsshqv ehfdxvh ri dq lqfrph hhfw wkdw uhgxfhv wkh suhvhqw ydoxh ri ixwxuh lqfrph1 Zkhq us
lv }hur/ V+3, @ 4 ehfdxvh lqyhvwruv wu| wr eulqj doo wkhlu frqvxpswlrq wr wkh uvw shulrg1
Dv us whqgv wr lqqlw|/ djjuhjdwh vdylqjv whqgv wr +4  ,^Hf  T`.QH+h,1 Htxdwlrq
+55, dovr vd|v wkdw dq lqfuhdvh lq frusrudwh ixqgv udlvhv djjuhjdwh vdylqjv/ vr V￿ A 3 vlqfh
K￿+h>!, ? 31 Ilqdoo| rqh fdq vkrz wkdw d fkdqjh lq oltxlglw| orvvhv kdv qr hhfw rq vdylqjv1
Iljxuh ; vkrzv wkh hfrqrp|*v  rz ri ixqgv1
Iurp wkh lqyhvwphqw vlgh/ rqh nqrzv wkdw Los+{, ? 3 iurp fruroodu| 61 Dw us @3doo
upv eruurz/ vr L+3, @ Q1 Qr up eruurzv dw udwhv juhdwhu wkdq  vr L+us,@3iru
us  1 Lq htxloleulxp/ djjuhjdwh lqyhvwphqw/ ghqhg lq htxdwlrq +4;,/ pxvw htxdo djjuhjdwh
vdylqjv/ dv vkrzq lq htxdwlrq +54,1 Wkhuh h{lvwv dq htxloleulxp lq wklv hfrqrp| dv orqj dv
T?H f.QH+h,@^4`= Wklv htxloleulxp 0 suhvhqwhg lq jxuh < 0 ghwhuplqhv lqyhvwphqw dqg
wkh ulvn iuhh udwh1 Sursrvlwlrq 6 vkrzv krz fkdqjhv lq wkh h{rjhqrxv yduldeohv T>Hf>H ￿>>
57D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Iljxuh ;= Iorz ri Ixqgv ri wkh Hfrqrp| dw wlph w @3
dqg ! dhfw wkh htxloleulxp lqyhvwphqw dqg ulvn iuhh udwh1 Wklv sursrvlwlrq lv qrw suryhg
vlqfh wkh uhvxowv iroorz iurp fruroodu| 6 dqg htxdwlrq +55, lpphgldwho|1
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Sursrvlwlrq 6 Wkh jhqhudo htxloleulxp ri wklv hfrqrp| ehkdyhv dv iroorzv=
41 D ulvh lq fxuuhqw rxwsxw Hf/ d idoo lq jryhuqphqw ghew T ru ixwxuh lqfrph H￿ udlvhv
lqyhvwphqw dqg uhgxfhv wkh ulvn iuhh udwh/ vr _UW
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58D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
D ulvh lq fxuuhqw rxwsxw Hf/ d idoo lq jryhuqphqw ghew T ru ixwxuh lqfrph H￿ udlvhv
lqyhvwphqw dqg uhgxfhv wkh ulvn iuhh udwh1 Wklv iroorzv vlqfh wkh vdylqjv htxdwlrq vkliwv
xszdugv zkloh lqyhvwphqw uhpdlqv xqfkdqjhg1 Wkhvh uhvxowv fdq eh xqghuvwrrg zlwklq d olih
f|foh k|srwkhvlv iudphzrun= d idoo lq fxuuhqw lqfrph surpswv vrph glvvdylqj wr frpshqvdwh
iru wkh vkruwidoo dw w @3 1 D ulvh lq ixwxuh lqfrph H￿ phdqv wkdw wkhuh lv ohvv qhhg wr vdyh
dw wlph w @3 1 Wkh vdph phfkdqlvp udlvhv sulydwh vdylqj zkhq wkhuh lv pruh jryhuqphqw
ghew rxwvwdqglqj> wrwdo vdylqj/ krzhyhu/ idoov zkhq ghew T lqfuhdvhv/ vlqfh lqyhvwruv rvhw
jryhuqphqw glvvdylqj rqo| sduwldoo|1
Dq lqfuhdvh lq upv* lqwhuqdo ixqgv udlvhv lqyhvwphqw1 Wkh hhfw rq wkh lqwhuhvw udwh lv
dpeljxrxv vlqfh erwk wkh vdylqjv dqg lqyhvwphqw ixqfwlrqv vkliw xszdugv1
Ilqdoo|/ sursrvlwlrq 6 vkrzv wkdw prxqwlqj oltxlglw| orvvhv uhgxfh lqyhvwphqw dqg uhdo
lqwhuhvw udwhv/ vlqfh d kljkhu  uhgxfhv djjuhjdwh lqyhvwphqw exw ohdyhv wkh vdylqjv ixqfwlrq
xqshuwxuehg1 Wklv qglqj vroyhv d olwwoh p|vwhu| iurp wkh Juhdw Ghsuhvvlrq= zk| glgq*w
prqhwdu| vwulqjhqf| udlvh lqwhuhvw udwhv lq wkh zdnh ri wkh uvw dqg vhfrqg fulvhv lq 4<63 dqg
4<64B Dowkrxjk Dqqd Vfkzduw} vshqw frqvlghudeoh hruw wu|lqj wr vtxduh wklv idfw zlwk d
prqhwdulvw dujxphqw/ wkh dqvzhu qrz ehfrphv fohdu= wkh hhfw ri prqhwdu| vwulqjhqf| zdv
qhxwudol}hg e| wkh edqnlqj fulvhv wkhpvhoyhv$ Wklv uhvxow looxvwudwhv wkh idfw wkdw qrqprqh0
wdu| sursdjdwlrq phfkdqlvpv frpsohphqw dqg hqoljkwhq rxu xqghuvwdqglqj ri krz prqhwdu|
djjuhjdwhv wudqvplw dqg sursdjdwh uhfhvvlrqv1
8F r q f o x v l r q v
Lw lv zhoo xqghuvwrrg wkdw lqwhuphgldulhv sod| dq lpsruwdqw uroh lq wkh hfrqrp| ehfdxvh ri
wkhlu vshfldo dwwulexwhv1 Wklv duwlfoh kdv vwuhvvhg edqnv* delolw| wr uhrujdql}h upv dw d orzhu
frvw wkdq erqgkroghuv> rwkhu sdshuv kdyh dujxhg wkdw lqwhuphgldulhv fdq doohyldwh prudo
kd}dug ehwwhu wkdq erqgkroghuv1 Zkdw lv qrw zhoo xqghuvwrrg lv zk| lqwhuphgldulhv duh qrw
59D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
wkh rqo| vrxufh ri ixqgv/ jlyhq wkhlu lqkhuhqw dgydqwdjh dw ohqglqj1 D vlpsoh dqvzhu wr wklv
lv wkdw lqwhuphgldulhv duh wkhpvhoyhv olnh dq| up> wkh| jr edqnuxsw dqg wkh| vxhu iurp
prudo kd}dug1 Wklv sdshu kdv h{soruhg lq ghwdlo wkh frqvhtxhqfhv ri wklv vlpsoh revhuydwlrq/
dqg kdv vkrzq wkdw edqnv zloo jhqhudoo| kdyh d kljkhu frvw ri fdslwdo wkdq erqgkroghuv1
Wklv doorzv xv wr xqghuvwdqg krz frpsdqlhv fkrrvh wkhlu ohqghuv= fdvk ulfk upv qhhg qrw
zruu| derxw frvwo| lqwhuyhqwlrqv dulvlqj iurp erqg ghidxowv/ vlqfh wklv lv xqolnho|1 Wkh pdlq
frqfhuq ri d zhoo hqgrzhg up lv wr eruurz iurp wkh ohqghu zlwk wkh orzhvw frvw ri fdslwdo/
l1h1/ gluhfwo| iurp erqgkroghuv1 Rq wkh rwkhu kdqg/ upv zlwk ohvv fdvk gr qhhg wr zruu|
derxw ghidxow dqg lwv frqvhtxhqfhv> wkhvh upv suhihu wr eruurz iurp lqwhuphgldulhv/ zkr
duh ehwwhu deoh wr kdqgoh qdqfldo glvwuhvv1
E| xqghuvwdqglqj krz dqg wr zkrp edqnv ohqg/ rqh fdq uhodwh qdqfldo dqg uhdo dfwlylw|
hdvlo|= zkhq edqnv orvh oltxlglw|/ wkh| zloo fxw r wkrvh upv lq wkhlu sruwirolr wkdw kdyh wkh
kljkhvw dqg wkh orzhvw ohyhov ri lqwhuqdo ixqgv1 Wkh kljk hqg ri wkhlu ruljlqdo sruwirolr zloo
lvvxh erqgv/ zkloh srruo| hqgrzhg upv zloo gurs rxw ri wkh fuhglw pdunhw/ uhgxflqj jhqhudo
lqyhvwphqw1 Dv wkh ulvn iuhh udwh ulvhv ru frusrudwh hduqlqjv idoo/ djhqf| frvwv ehwzhhq upv
dqg wkhlu fuhglwruv ehfrph pruh dfxwh> wklv lqgxfhv kljko| hqgrzhg upv wr vzlwfk iurp
erqg wr edqn qdqflqj/ dqg irufhv srruo| hqgrzhg upv rxw ri wkh fuhglw pdunhw dowrjhwkhu1
Wkhvh uhodwlrqvklsv kdyh orqj ehhq xqghuvwrrg e| sudfwlwlrqhuv dqg vfkroduv/ exw rqo| dw dq
lqwxlwlyh ohyho1
Plowrq Iulhgpdq +4<86, rqfh dujxhg wkdw wkh wrxfkvwrqh ri srvlwlyh hfrqrplfv lv lwv suh0
glfwlyh srzhu1 Lq wkhlu txhvw iru suhglfwlyhqhvv/ vfkroduv kdyh ghyhorshg jhqhudo htxloleulxp
prghov zklfk/ wkh| krsh/ jlyh d phdqlqjixo slfwxuh ri wkh hfrqrp|1 D plvvlqj slhfh lq
wklv zrun lv d iudphzrun wkdw fdq olqn qdqfldo dqg uhdo pdunhwv pruh forvho|1 Wklv duwlfoh
wulhv wr eulgjh wklv jds dqg vxffhhgv lq rewdlqlqj lqwxlwlyho| dsshdolqj uhvxowv> wkhuh duh wzr
lpsruwdqw wklqjv/ krzhyhu/ wkdw lw vwloo odfnv1 Iluvw/ lw qhhgv wr h{sodlq wkh xvh ri rxwvlgh
5:D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
htxlw| dv d vrxufh ri ixqgv1 Zrun e| Pd|hu +4<<3, dqg rwkhuv lqglfdwhv wkdw rxwvlgh htxlw|
lv d yhu| vpdoo vrxufh ri h{whuqdo ixqgv> krzhyhu/ lw lv xvhg dw wlphv/ dqg wklv qhhgv wr eh
xqghuvwrrg1 Wkh pruh lpsruwdqw ihdwxuh wkdw wklv prgho odfnv lv d surshu xqghuvwdqglqj ri
d g|qdplf hfrqrp|1 Vr idu/ wkh prgho kdv rqo| wzr shulrgv1 Wr h{whqg wkhvh uhvxowv rqh kdv
wr ghyhors d frkhuhqw pxowlshulrg vhfxulw| ghvljq iudphzrun1 Wklv sureohp lv qrwrulrxvo|
gl!fxow/ exw lw lv d jrdo zruwk dwwdlqlqj1
9 Uhihuhqfhv
Do0Qdmmdu/ L1 +4<<8,/ Ghfrpsrvlwlrq dqg Fkdudfwhul}dwlrq ri ulvn zlwk d Frqwlqxxp ri Udq0
grp Yduldeohv/ Hfrqrphwulfd/ 96/ 44<804557
Ehuqdqnh/ E1 +4<;6,/ Qrqprqhwdu| Hhfwv ri wkh Ilqdqfldo Fulvlv lq wkh Sursdjdwlrq ri
wkh Juhdw Ghsuhvvlrq/ Dphulfdq Hfrqrplf Uhylhz/ :6/ 58:05:91
Ehuqdqnh/ E1> Jhuwohu/ P1 +4<;<,/ Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv Ioxfwxdwlrqv/
Dphulfdq Hfrqrplf Uhylhz/ +Pdufk,/ :</ 470641
Ehuqdqnh/ E1> Jhuwohu/ P1 +4<<3,/ Ilqdqfldo Iudjlolw| dqg Hfrqrplf Shuirupdqfh/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ +Iheuxdu|,/ 438/ ;:04471
Ehvdqnr/ G1> Ndqdwdv/ J1 +4<<6,/ Fuhglw Pdunhw Htxloleulxp zlwk Edqn Prqlwrulqj dqg
Prudo Kd}dug/ Uhylhz ri Ilqdqfldo Vwxglhv/ 9/ 5460565
Erowrq/ S1> Vkduivwhlq G1 +4<<9,/ Rswlpdo Ghew Vwuxfwxuh dqg wkh Qxpehu ri Fuhglwruv
Mrxuqdo ri Srolwlfdo Hfrqrp| +Iheuxdu|,/ 437/4 0 5 8 1
Fdqwloor/ P1> Zuljkw/ M1 +4<<9,/ Krz gr Ilupv fkrrvh wkhlu OhqghuvB Dq hpslulfdo
lqyhvwljdwlrq LEHU Zrunlqj Sdshu Qr1 589/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ Ghfhpehu1
Gldprqg/ G1 +4<;7,/  Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg Prqlwrulqj/ Uhylhz ri
Hfrqrplf Vwxglhv/ 84/ 6<607471
Gldprqg/ G1 +4<<4,/  Prqlwrulqj dqg Uhsxwdwlrq= Wkh Fkrlfh ehwzhhq Edqn Ordqv dqg
Gluhfwo| Sodfhg Ghew/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <</ 9;<0:54
Id}}dul/ V1 Kxeedug J1/ Shwhuvhq E1+4<;;,/ Ilqdqflqj Frqvwudlqwv dqg Frusrudwh Lq0
yhvwphqw/ Eurrnlqjv Sdshuv ri Hfrqrplf Dfwlylw|1 4/ 4;40539
Ilvkhu/ L1 +4<66,/ Wkh Ghew Gh dwlrq Wkhru| ri Juhdw Ghsuhvvlrqv Hfrqrphwulfd +Rfwrehu,/
4/ 66:0 68:1
Iudqnv/ M1> Wrurxv/ Z1 +4<<7,/ D frpsdulvrq ri qdqfldo uhfrqwudfwlqj lq glvwuhvvhg
h{fkdqjhv dqg Fkdswhu 44 uhrujdql}dwlrqv Mrxuqdo ri Ilqdqfldo Hfrqrplfv +Mxqh,/ 68/
67<06:31
Iulhgpdq/ P1 +4<86,/ Wkh Phwkrgrorj| ri Srvlwlyh Hfrqrplfv lq Hvvd|v lq Srvlwlyh
5;D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr Suhvv1
Iulhgpdq/ P1 +4<9;,/ Wkh Uroh ri Prqhwdu| Srolf|/ Dphulfdq Hfrqrplf Uhylhz/ 8;/
44:
Ixghqehuj/ G1> Wluroh/ M1 +4<<4,/ Jdph Wkhru|1 Wkh PLW Suhvv1 Fdpeulgjh/ Pdvvd0
fkxvhwwv1
Jdoh/ G1 Khoozlj/ P1 +4<;8,/ Lqfhqwlyh0Frpsdwleoh Ghew Frqwudfwv= Wkh Rqh Shulrg
Sureohp/ Uhylhz ri Hfrqrplf Vwxglhv/ 85/ 97:09961
Jlovrq/ V1 Nrvh/ M1 Odqj/ O1 +4<<3,/ Wurxeohg Ghew Uhvwuxfwxulqjv= Dq hpslulfdo vwxg|
ri sulydwh uhrujdql}dwlrq ri upv lq ghidxow Mrxuqdo ri Ilqdqfldo Hfrqrplfv +Rfwrehu,/ 5:/
64806861
Kduw/ R1> Prruh/ M1 +4<;<,/ Ghidxow dqg uhqhjrwldwlrq= D G|qdplf Prgho ri Ghew/
Plphr/ PLW1
Kropvwurp/ E1> Wluroh/ M1 +4<<7,/ Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh Ixqgv dqg wkh
Uhdo Vhfwru/ Plphr PLW1
Ndvk|ds/ D> Vwhlq/ M1> Zlofr{/ G1 +4<<6,/ Prqhwdu| Srolf| dqg Fuhglw Frqglwlrqv= Hyl0
ghqfh iurp wkh Frpsrvlwlrq ri H{whuqdo Ilqdqfh/ Dphulfdq Hfrqrplf Uhylhz +Pdufk,/ ;6/
:<0<;1
Pd|hu/ F1 +4<<3,/ Ilqdqfldo V|vwhpv/ Frusrudwh Ilqdqfh/ dqg Hfrqrplf Ghyhorsphqw
lq U1 Johqq Kxeedug +Hg1, Dv|pphwulf Lqirupdwlrq/ Frusrudwh Ilqdqfh dqg Lqyhvwphqwv1
Xqlyhuvlw| ri Fklfdjr dqg QEHU/ 63:06651
Udmdq/ U1 +4<<5,/ Lqvlghuv dqg Rxwvlghuv= wkh Fkrlfh Ehwzhhq Lqiruphg dqg Dup*v0
Ohqjwk Ghew/ Mrxuqdo ri Ilqdqfh/ 7:/ 469:04733
Uxelqvwhlq/ D> Zrolqvn|/ D +4<<5,/ Uhqhjrwldwlrq0Surri Lpsohphqwdwlrq dqg Wlph Suhi0
huhqfhv/ Dphulfdq Hfrqrplf Uhylhz +Mxqh,/ ;5/9 3 3 0 9 4 7
Vfkzduw}/ D1/ +4<;4,/ Xqghuvwdqglqj 4<5<04<66/ lq Euxqqhu/ N1 +Hg1,/ Wkh Juhdw Gh0
suhvvlrq Uhylvlwhg/ Urfkhvwhu Vwxglhv lq Hfrqrplfv dqg Srolf| Lvvxhv/ Noxzhu sxeolvkhuv1
Vwljolw}/ M1 Zhlvv/ O1 +4<;4,/  Fuhglw Udwlrqlqj lq Pdunhwv zlwk Lpshuihfw Lqirupdwlrq/
Dphulfdq Hfrqrplf Uhylhz +Mxqh,/ :4/ 6<60743
Wdvkmldq/ H> Ohdvh/ U1> PfFrqqhoo/ M1 +4<<9,/ Dq hpslulfdo dqdo|vlv ri suhsdfndjhg
edqnuxswflhv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 73/ 4680495
Wrzqvhqg/ U1 +4<:<,/ Rswlpdo Frqwudfwv dqg Frpshwlwlyh Pdunhwv zlwk Frvwo| Vwdwh
Yhulfdwlrq/ Mrxuqdo ri Hfrqrplf Wkhru|/ 54/ 59805<61
Zhlqwudxe/ E1> Uhvqlfn/ D1 +4<;3,/ Edqnuxswf| Odz Pdqxdo/ ZJ)O sxeolvkhuv/ Ervwrq1
5<D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Dsshqgl{ D
Ehiruh zh ehjlq wkh surriv/ ohw xv uhghqh ohqghuv* hfrqrplf surw dv
x+{>>e,@e ^4  I+e,` . ^4  `
] e
3




^4  I+v,`M+{>v>,gv  ^4  h`ui
Zkhuh M+{>v>,  4v+v, lv wkh vr0fdoohg yluwxdo vxusoxv wkdw lv zlgho| xvhg lq phfkdqlvp ghvljq1
D Surri ri Sursrvlwlrq 4
V+, lv wkh vhw ri dwwulexwhv zkhuh dq htxloleulxp h{lvwv iru ohqghu 1 Ohppd 4 uhodwhv wkh h{lvwhqfh





v=w= y+{>e,  3

Ohppd 4 { 5 V+, li dqg rqo| li P+{,  3
Surri1 +l, Li P+{, ? 3> dq lqyhvwru  qhyhu ohqgv wr d up zlwk dwwulexwhv { vlqfh lw dozd|v orvhv
prqh| lq wklv hqghdyrxu> wkxv {@ 5V +  , 1 +ll, Li P+{, A 3 wkhuh h{lvwv d e￿vdwlvi|lqj e￿  +,>
x+{>e
￿
, A 3 dqg y+{>e￿,  31 L fodlp wkdw x+{>e, ? 3 ; e?^4  h`ui> wr vhh wklv/ uhzulwh x+{>e, dv
^4  I+e,`^e  +4  h,ui`.
Ue
3^ v+4  h,ui`i+v,gv 
U e
3 vi+v,gv1 Wkh uvw dqg vhfrqg whupv ri wklv
htxdwlrq duh qhjdwlyh iru e?^4h`ui/ dqg wkh odvw whup lv dozd|v qhjdwlyh/ vr wkh fodlp lv hvwdeolvkhg1
Qrwh wkdw xe+{>>e, A 3 iru e 5 +^4  h`ui>e ￿ +,,1 Wkh lqwhuphgldwh ydoxh wkhruhp +LYW, krogv/
vr wkhuh h{lvwv d xqltxh e 5 +^4  h`ui>e ￿,zkhuh x+{>e,@3dqg y+{>e, Ay + { >e ￿,3 > dqg { 5 V+,1
+lll, Li P+{,@3wkh udwh e￿ wkdw vroyhv wkh pd{lpl}dwlrq dovr vdwlvhv wkh ghqlwlrq ri dq htxloleulxp
dqg wkxv { 5 V+,1
Surri ri pdlq wkhruhp= Htxdwlrqv +D14, wr +D1;, fkdudfwhul}h P+{,=
P+{,@p d { e 5 S+ { ,x + { >e ,
S+ { ,@i e=y + { >e ,U y+ e ,hui  3j @ ie = e  U￿4
y +hui,j
+D14,
Wkh sureohp fdq eh vroyhg dv d frqvwudlqhg pd{lpl}dwlrq gxh wr wkh txdvlfrqfdylw| ri x+{>e,=
O @ x+{>e,. ^ U ￿ 4
y + hui,  e`
Oe @ xe+{>e,   @^ 4I+ e ,`^4  e+e,`   @3
O ￿@U ￿ 4
y + hui,  e  3   3
O￿ @3
+D15,
Li O￿ A 3 wkh frqvwudlqw lv qrw elqglqj/ dqg wkh sureohp lv vroyhg e| d  vxfk wkdw xe+{>, 
^4  I+,`M+{>>,@3 >zkhuh wkh yluwxdo vxusoxv lv M+{>e>,  4  e+e,= Wkh LYW krogv vlqfh
M+{>3>,@b 4 >olpe$4 M+{>e>,  olpe$4i4  e+,j @ 4 iru A3 /d q gM e + { > e>, ? 3> khqfh/
wkhuh h{lvwv d xqltxh  zkhuh M+{>>,@3,x e+ { > ,@3 =Li O￿ @3 >wkh sduwlflsdwlrq frqvwudlqw lv
elqglqj vr y+{>ey,  3 , ey  U￿4
y +hui,1 Qrwh wkdw olpe$4 y+{>e,@ hui ? 3 dqg y+{>3,@hui>
vr ey h{lvwv rqo| zkhq wkh LYW krogv/ dqg wklv kdsshqv rqo| li   hui A 31 Htxdwlrq +D16, ghqhv
wkh frqvwudlqhg pd{lpl}dwlrq udwh e￿+{>,/ zkloh htxdwlrq +D17, ghwhuplqhv wkh uhodwlyh pdjqlwxghv










?e y li dqg rqo| li Uy+, AU y+ e yU ￿ 4
y + hui,, @ hui +D17,
63D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Htxdwlrq +D18, glvsod|v wkh ghulydwlyhv ri wkh gxdo P+{,@x + { >e
￿
, 1 L fodlp wkdw Ph+{, A 3 dqg
Pui+{, ? 3=l ie
￿
+ { ,@> wkh vhfrqg dujxphqw lq htxdwlrq +D18, lv }hur 0 wklv lv dq dssolfdwlrq ri wkh
hqyhorsh wkhruhp 0 vr Ph @ ui A 3 dqg Pui @ +4h, ? 31L ie
￿
+ { ,@e y?wkhq y+{>ey,  3/ dqg
3 ?M + { >e y> ,?4 1 L xvh wkh lpsolflw ixqfwlrq wkhruhp wr rewdlq htxdwlrqv +D19, dqg +D1:,/ zklfk
suryh wkh fodlp1 Ilqdoo|/ htxdwlrq +D1;, vkrzv wkh vxp ri h{shfwhg uhyhqxhv +htxdwlrqv +5, dqg +7,,1
L zloo qrz suryh wkh sursrvlwlrq 4 rq d fdvh e| fdvh edvlv
P{l+{,@x { l + { > >e
￿





P{l+{,@x { l + { > >ey,.M+ { >e y>, y { l+ { >e y,zkhq e
￿
@ ey +D19,
Ph+{,@^ 4  M + { > e y >  ,`ui A 3 Pui+{,@ ^4  h+4  M+{>ey>,,` ? 3 +D1:,




+d, ui 5 ^3>
U￿
3 vi+v,gv,1 Ghqh f+ui, @ pd{^3>4  U+,u￿4
i ` dqg hydoxdwh=
Uy+,  fui @p l q ^ U y+  , >U y+,.U + ,u i` @ plq^Uy+,>
] ￿
3
vi+v,gv  ui` A 3
wkh lqhtxdolw| frphv iurp htxdwlrq +D1;, dqg wkh dvvxpswlrq wkdw ui ?
U￿
3 vi+v,gv1 Htxdwlrq
+D17, lpsolhv wkdw e
￿
+{,@plq^ey+{,>`@dw f+ui,= Dw f+ui,/ wkh gxdo lv P+f>{￿l, @ pd{^U+, 
ui>3`  31 Vlqfh Ph+{, A 3 lw lv fohdu wkdw P+h>{￿l,  P+f>{￿l,  3 ; h 5 ^f>4`1 Ohw xv frqvlghu
wkh rwkhu upv= li ui  U+, wkhq f @3dqg P+f>{￿l, A 3> dqg wkhuh duh qr udwlrqhg upv1 Li
ui 5 +U+,>
U￿
3 vi+v,gv, wkhq f @4U +  , u ￿ 4
i A3dqg P+f>{￿l,@3 >ixuwkhu/ P+h>{￿l,
? P+f>{￿l,@3iru upv h 5 ^3>f,1 Wkhvh uhvxowv dqg ohppd 4 suryh wkh uvw wzr olqhv ri sursrvlwlrq
41
+e, ui 5 + 
U ￿
3 vi+v,gv>,1 Doo upv h  4  U+,u￿4
i kdyh
Uy+,  hui  Uy+,.U + ,u i @
] ￿
3
vi+v,gv  ui ? 3
Wkh lqhtxdolw| frphv iurp htxdwlrq +D1;, dqg wkh dvvxpswlrq wkdw ui A
U￿
3 vi+v,gv1 Htxdwlrq
+D17, lpsolhv wkdw e
￿





i >{ ￿l,@U + e y ,  +4  h,ui @ U+ey,  U+, ? 3 +D1<,
P+4>{ ￿l,@U + e y ,@e y^4  I+ey,` .
] e
3
v^4  `i+v,gv A 3 +D143,
Htxdwlrq +D1<, vkrzv wkdw P+4  U+,u
￿4
i >{ ￿l,?3 vlqfh U+, A U+e, ; e 9@ 1 Htxdwlrq +D143,
vkrzv wkdw P+4>{ ￿l,A31 Vlqfh Ph A 3 rqh fdq lqyrnh wkh LYW wr dvvhuw wkh h{lvwhqfh ri d xqltxh
+ui, 5 +4  U+,u
￿4
i >4, zkhuh P+>{￿l,  31 Ixuwkhu/ P+{,  3 ; h  +ui, dqg P+{, ? 3 ;
h? + u i, =Wklv dqg ohppd 4 suryhv wkh wklug olqh ri sursrvlwlrq 41 Rqh xvhv wkh lpsolflw ixqfwlrq
wkhruhp iru P+>{￿l,  3 dqg htxdwlrq +D1:, wr vkrz wkdw 3+ui,@ P u i@ P hA3 1
+g, ui 5 +>4,1 Frpelqh htxdwlrqv +4, dqg +7, wr rewdlq
x+{>e,.y+ { >e ,@u i
] e
3
vi+v,gv ? 3 li ui A
Khqfh lw lv qhyhu srvvleoh wr dfklhyh dq| x+{>e, A 3 zkloh y+{>e,  31 Wklv lpsolhv wkdw P+{, ? 3
iru doo h/ dqg wkhuh lv qr htxloleulxp iru dq| up1
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E Surri ri Fruroodu| 4
S u r r ir iF r u r o o d u |4 1 4 = Uhshdw wkh vwhsv lq sursrvlwlrq 41
Surri ri Fruroodu| 415= Htxdwlrq +E14, vkrzv wkdw edqnv surw e| vlpso| pdwfklqj wkh udwh
e+{, fkdujhg e| frpshwlwlyh erqgkroghuv wr upv h 5 ^f>4`=
x+{>e,@x + { >e ,.
] e
3
^ ` vi+v,gv @
] e
3
^  `vi+v,gv A 3 +E14,
L fodlp wkdw e+{,  > ehiruh/ L zloo vkrz wkdw ? / ghqhg e| xe+{>,  3 dqg xe+{>,  31
Vlqfh x+{>e, lv dqdorjrxv wr x+{>e,/ wkh h{lvwhqfh/ xqltxhqhvv dqg pd{lpdolw| ri  f d qe hs u r y h qe |
iroorzlqj wkh vwhsv lq sursrvlwlrq 41 Wr hvwdeolvk wkh uhodwlyh pdjqlwxghv ri  dqg / rqh hydoxdwhv
vshfldol}hg lqyhvwruv* pdujlqdo sd|r xe+{>e, dw 1 Qrwh wkdw M+{>>,@M+ { >>,.^`+,@
^  ` +, A 31W k x v x e + { >  ,  ^4  I+,`M+{>>, A 3 dqg d vshfldol}hg lqyhvwru pxvw fkdujh


















￿+{,  / zklfk suryhv wkh fodlp1
Htxdwlrq +E14, vkrzv wkdw x+{>e, A 3> wkh suhfhglqj dujxphqw vkrzv wkdw xe+{>e, A 3 iru
e?e + { , 1 Rqh fdq dovr vkrz wkdw x+{>e, ? 3 iru e?^4  h`ui iroorzlqj wkh dujxphqwv lq ohppd
41 Wkh LYW krogv/ dqg wkhuh h{lvwv d xqltxh edqn ohqglqj udwh e+{, 5 ++4h,ui>e+{,, zkhuh x+{>e,@3 /
y + { >e ,A3dqg zklfk gulyhv erqgkroghuv rxw ri wkh pdunhw1 Ixuwkhu/ vlqfh P+{,  x+{>e, A 3 ;
{ 5 V+,/ wkhuh h{lvwv d qhljkerukrrg/ lqfoxglqj h?f + u i,zkhuh P+{, A 3> wklv iroorzv iurp wkh
frqwlqxlw| dqg prqrwrqlflw| ri P+{,1 Wkhvh uhvxowv dqg ohppd 4 lpso| wkdw wkh fxwr vdwlvhv
f+ui,  f+ui,1 Wklv suryhv fruroodu| 4151











iru h 5 ^3>f`
e+{, iru h 5 ^f>4`
+E15,
zkhuh e
￿+{, vroyhv wkh vshfldol}hg lqyhvwruv* pd{lpl}dwlrq/ dqg e+{, lv ghqhg e| x+{>e,  31W k h
pd{lpdo h{fhvv uhwxuq iru vshfldol}hg ohqghuv lv=
g+{,@





4￿h iru h 5 ^3>f`
U e
3 ^￿￿￿‘vi+v,gv
4￿h iru h 5 ^f>4`
+E16,
Wkhuh lv qr htxloleulxp iru h 5 ^3>f,vr ohppd 4 lpsolhv wkdw P+{,@x + { >e
￿,?3dqg g+{, ? 31
Iru h 5 ^f> f, dq htxloleulxp h{lvwv/ vr P+{,@x + { >e
￿,3dqg wkxv g+{,  3= Sursrvlwlrq 4 dovr
vkrzv wkdw Ph+{>,@x h+ { >e
￿,A3 /v rg h+ { , @ ^+4  h,xh+{>e
￿,.x + { >e
￿,`@+4  h,5 A 31
Iru h 5 ^f>4,> htxdwlrq +E14, lpsolhv wkdw x+{>e, A 3/ dqg wkxv g+{,  3= Htxdwlrq +E17, glvsod|v
gh+{,> Wklv htxdwlrq xvhv x+{>e,  3 wr qg eh dqg wr uhsodfh +4  h,ui1 Wkh odvw olqh ri wklv
htxdwlrq xvhv lqwhjudwlrq e| sduwv rq wkh uvw whup lq sduhqwkhvlv/ dqg h{sorlwv wkh idfw wkdw vi+v, 










































65D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Dw h @4g + { ,@3 1 Wr vhh wklv/ qrwh wkdw x+{>e,  3 iru h @4lpsolhv wkdw e+{,@3 = Zh xvh o*k÷slwdo*v
uxoh= olph$4ig+{,j @ olph$4i^  `e+{,i+e+{,,j @3 1
F Surri ri Sursrvlwlrq 5=
S u r r ir iS u r s r v l w l r q5 1 4 =Ohppd 5 ghqhv d ghfrpsrvdeoh vhw dqg vkrzv wkdw vxfk d vhw dgplwv
surwdeoh ghyldwlrqv1 Sursrvlwlrq 514 lv dq dssolfdwlrq ri ohppd 51
Ghqlwlrq= Dq djjuhjdwh ohqglqj vhw iV>ie+h>{￿l, h 5 Vjj lv ghfrpsrvdeoh li < f>VK 9@ >>VO9@>
vxfk wkdw
U+e+{,,
4￿h  f ; h 5 V _ VK/
U+eg+{,,
4￿h  f ; h 5 VKqV dqg
U+e+{,,
4￿h ?f; h5V O>zkhuh eg+{,
lv ghqhg lq htxdwlrq +E15,1
Ohppd 5 D ghfrpsrvdeoh vhw iV>ie+h>{￿l, h 5 Vjj dgplwv surwdeoh ghyldwlrqv
Surri1 L dvvxph wkdw wkhuh duh dw ohdvw wzr edqnv lq wklv hfrqrp| wr doorz iru frpshwlwlyh ehkdylru1
E| frqvwuxfwlrq/ wkhuh lv dw ohdvw rqh cxqoxfn|* edqn zkr ohqgv wr vrph upv iurp wkh cedg* vhw dqg
zkr grhv qrw h{kdxvw doo wkh jrrg upv lq wkh hfrqrp|/ vr Vl _ VO 9@ > dqg +VqVl, _ VK 9@ >1L
zloo vkrz wkdw wklv cxqoxfn|* edqn dozd|v ghyldwhv> d ghyldwlrq vwudwhj| iV3
l>ie3+h>{￿l, h 5 V3
ljj wkdw
lpsuryhv rq iVl>ie+h>{￿l, h 5 Vljj lv=
+l, V3
lq+V3
l _ Vl,  VK +ll, Vlq+V3
l _ Vl,  VO +lll, O+V3
l,@O + V l,
L 4@V 3
l_V l L 5@V 3
lq + V 3
l_V l,V K L 6@V lq + V 3
l_V l,V O
Iru h 5 L4 fkdujh e3+{,@e + { ,vr wkdw U+e3+{,, @ U+e+{,,
Iru h 5 L5 fkdujh e3+{, vr wkdw U+e3+{,, @ ^4  h`f
Iru h 5 L6 e+{, fdq rqo| |lhog U+e+{,, ? ^4 h`f1
Wkh ghyldwlqj edqn gursv vrph ordqv iurp wkh vhw VO d q gs l f n vx sv r p h u p vl qw k hv h wV K/
hlwkhu e| xqghufxwwlqj klv frpshwlwruv ru e| wdnlqj jrrg upv wr zkrp qrerg| ohqw ehiruh1 Wkh
ghyldwlqj vhw kdv wkh vdph dprxqw ri djjuhjdwh ordqv dv wkh rog sruwirolr1
Vwhs 4= L zloo vkrz wkdw wkh h{shfwhg edqn uhyhqxh iurp V3
l lv juhdwhu wkdq h{shfwhg uhyhqxh iurp
Vl/v rU 3
lU + V 3
l ,AU + V l ,U l 1 Wkh dvvxpswlrq wkdw O+V3
l,@O + V l ,lpsolhv wkdw zkdwhyhu ordqv
duh gursshg +l1h1/ vhw L6, pxvw eh pdgh xs e| wkh qhz ordqv +l1h1/ vhw L5,/ vr
U
L5 Q^4  h`gK+h,@ U
L 6Q ^4  h`gK+h,1 Htxdwlrqv +F14, dqg +F15, glvsod| U+V3
l, dqg U+Vl,1 Htxdwlrq +F16, vkrzv wkdw
U+V3





U + e + { ,,gK+h,.
]
L 5







U + e + { ,,gK+h,.
]
L 6














l  Ul Af Q
 ]
L 5






Vwhs 5= Qrz/ L zloo vkrz wkdw wkh edqn*v sd|r lv kljkhu zlwk V3
l wkdq zlwk Vl1 Iluvw/ L fodlp
wkdw ghsrvlwruv fkdujh d orzhu udwh wr edqnv zlwk pruh surwdeoh sruwirolrv/ vr CEl@CUl ? 31 Wkhvh
duh wkh uhjxodulw| frqglwlrqv wkdw hqvxuh wkh h{lvwhqfh ri d ohqglqj htxloleulxp ehwzhhq wkh edqn dqg
lwv ghsrvlwruv= d, j+|l, kdv dq lqfuhdvlqj kd}dug udwh> e, wkhuh h{lvwv dq xqfrqvwudlqhg pd{lpl}dwlrq
udwh Ex+Ol, f, dw wkh frqvwudlqhg pd{lpl}lqj udwh E￿+Ol,  Ex+Ol,> x+{>E￿+Ol,,  31 Rqh fdq xvh
wkh dujxphqwv lq ohppd 4 wr suryh wkh h{lvwhqfh ri d xqltxh htxloleulxp El 5 +^Zl  Ol`ui>E￿+O,,
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zkhuh x+{>El,  3/ dv ghqhg lq htxdwlrq +F17,1 Htxdwlrq +F18, vkrzv wkdw CEl@CUl lv qhjdwlyh
vlqfh El+El, ? 4 dw El ?E x+ O l, 1
x + { >E l,@U l E l ^4  J+El,` .
] El
3







El^4  J+El,` .
U El
3 +4  ,|lj+|l,g|l








^ | l  E 3




^ | l  E l ` j + | l , g|l  +4  ,Zlui dvvxplqj Zl lv vxqn +F1:,
x+V3




l ^ | l  E 3
l ` j + | , g| .
U y
El+^U3
l  Ul`^|l  El`.U 3
l^ E lE 3
l`,j+|l,g|l A 3 +F1;,
Htxdwlrqv +F19, dqg +F1:, glvsod| wkh edqn*v h{shfwhg sd|rv iru vhwv V3
l dqg Vl1 Htxdwlrq +F1;,
hvwdeolvkhv wkdw d ghfrpsrvdeoh vhw V dgplwv surwdeoh ghyldwlrqv vlqfh x+V3
l, Ax + V l, > wklv iroorzv
iurp htxdwlrqv +F16, dqg +F18, zklfk vd| wkdw U3
l AU ldqg El AE 3
l1
L suryh sursrvlwlrq 514 e| vkrzlqj wkdw vhwv glhuhqw iurp V￿+, duh ghfrpsrvdeoh1
L, D vhw V vxfk wkdw Vf _ V￿+, 9@ > dqg V _ V￿
f+, 9@ > iru vrph  dgplwv surwdeoh ghyldwlrqv1
Wkh vxevfulsw f vwdqgv iru wkh frpsohphqw ri d vhw/ l1h1/ ^3>4`@V1 Iluvw/ ghqh VO @ ih 5 V =
U+e+h>{￿l,, ? j /V K @V ￿ +  , q V O / dqg f @  . ui1 Qrwh wkdw VK 9@ > vlqfh V￿+,qV 9@ >/ dqg
VO 9@ > vlqfh V _V￿
f+, 9@ >1 Lw lv fohdu wkdw wklv lv d ghfrpsrvdeoh vhw> d ghyldwlqj edqn ohqgv wr qhz
upv/ dqg gursv vrph rog xqsurwdeoh upv1
LL, D vhw iV￿+,@^ h > h `>e+h>{￿l, h 5 V￿+,j zlwk vxevhwv VO/ VK zkhuh U+e+{,,@^4  h` ?
f?U x + e + { 3 ,,@^4  h3` iru h 5 VO/ h3 5 VK dgplwv surwdeoh ghyldwlrqv1 Lw lv fohdu wkdw wklv lv d
ghfrpsrvdeoh vhw> d ghyldwlqj edqn fxwv wkh udwhv wr upv h 5 VK/ dqg gursv vrph upv lq h 5 VO1
Srlqwv L0LL suryh krz wkh rswlpdo vhw dqg sulflqj srolf| orrnv1
Ghulydwlyhv= htxdwlrqv +F1<, dqg +F143, ghqh wkh fxwr udwhv/ zkhuh g+{, frphv iurp htxdwlrq
+E16,/ dqg wkh lqglfdwru ixqfwlrqv L>L htxdo rqh zkhq wkhuh h{lvwv dq lqwhulru vroxwlrq1 L dvvxph wkdw
h @3zkhq L @3dqg h @3zkhq L @3 1 Htxdwlrq +F144, vkrzv wkh ghulydwlyhv ri h+{, e| lpsolflwo|









h3>h ? f + u i ,

+F1<,




￿  + e
￿ , u i . 










g h + h>{￿l,
L  3 hui+{,@





L  3 +F145,
Htxdwlrq +F145, vkrzv wkh ghulydwlyhv ri h+{, e| lpsolflwo| glhuhqwldwlqj +F143,1 Wkh ghulydwlyhv
gh+h>{￿l, ? 3 dqg gui+h>{￿l, A 3 frph iurp htxdwlrq +E17,1 Wklv frqfoxghv wkh surri ri sursrvlwlrq
5141
Surri ri Sursrvlwlrq 515= Olqh +F146, rewdlqv wkh htxloleulxp edqnuxswf| srlqw E+, e| frpelqlqj
htxdwlrqv +45, dqg +47, wr rewdlq zklfk lqfuhdvhv lq 1 Olqh +F147, rewdlqv wkh htxloleulxp wkuhvkrog
+, e| frpelqlqj  @ E+E, dqg htxdwlrqv +45, dqg +46,1Htxdwlrq +F148, rewdlqv wkh lqyhuvh ri
wkh edqn*v ohyhudjh o+, e| frpelqlqj htxdwlrq +46, dqg wkh h{suhvvlrq iru  lq +F147,= lw lpsolhv
wkdw lq htxloleulxp/ djjuhjdwh ordqv h{fhhg edqn fdslwdo/ vr wkdw vshfldol}hg ohqghuv dfw dv qdqfldo
lqwhuphgldulhv1 Htxdwlrq +F149, vkrzv wkdw edqn ohyhudjh ulvhv zlwk kljkhu oltxlglw| orvvhv1 Qrwh wkdw
ohyhudjh dqg wkh edqnuxswf| srlqw duh lghqwlfdo iru dq| wzr edqnv/ dqg wkdw dw  @3 /E +3, @ 3 dqg
67D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
lqwhuphgldwlrq froodsvhv vr o+3, @ 41 Ilqdoo|/ htxdwlrq +F14:, vkrzv wkh djjuhjdwh edqn fdslwdo lq wklv
hfrqrp|/ zkhuh O+>ui, lv ghqhg lq htxdwlrq +43,1
3@  El+El, , El @ Em @ E+, dqg E3+,@
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@ E^4  J+E,` .
] E
3


































E ^4  J+E,` .
U E



















L dvvxph wkdw  @
S+E,ui
4￿S+E,  g+{, iru vrph up {> li wklv frqglwlrq zhuh ylrodwhg/ edqnv frxog qrw qg
surmhfwv zlwk wkh dssursuldwh udwh ri uhwxuq/ dqg wkhuh zrxog eh qr lqwhuphgldulhv lq wkh hfrqrp|1
Wkhvh htxdwlrqv qlvk wkh surri ri sursrvlwlrq 5151
G Surri ri Fruroodu| 5
Ohppd 6 ^4  h`ui  e^4  I+e,`^4  e+e,` A 31
Surri1 = xee+{>e,@ i+ e ,^4  e+e,` . ^4I+e,`^+e,.e3+e,` ? 3 ; e  e+{, ?  vlqfh 3+e, A 31
Wklv orfdo frqfdylw| lpsolhv wkdw x+{>3,?x+{>e,ex e+{>e,, ^4h`ui ? ^4I+e,`^4e+e,`e
ru ^4  h`ui  ^4  I+e,`^4  e+e+{,,`eA3 1 Wklv xvhv x+{>e,@3dqg suryhv ohppd 61
x+{>e,@e ^4  I+e,` .
] e
3
^4  `vi+v,gv  ^4  h`ui @3 ; h5^ f>4` +G14,
uh+{,@
x h + { > e ,





u + { , 
u i




x u i + { > e ,
x u + { > e ,
@
4
^4  I+e,`^4  e+e,`
A 4 +G16,
Surri ri Fruroodu| 514= Erqgkroghu udwhv vdwlvi| x+{>e,  3 dv vkrzq lq htxdwlrq +G14,1 Htxdwlrqv
+G15, dqg +G16, xvh wkh lpsolflw ixqfwlrq wkhruhp wr vkrz wkh ghulydwlyhv ri u+{,1 Wkh vljq ri uh+{,
dqg uui+{, iroorzv iurp e+{, ?  dqg ohppd 6/ dqg hvwdeolvk Fruroodu| 5141
3@e ^4  I+e,` .
] e
3





u + { , 
 . u i





^4  I+e,`^4  e+e,`
A 4 u￿+{,@
 ￿
^4  I+e,`^4  e+e,`
? 3 +G19,
68D Wkhru| ri Frusrudwh Fdslwdo Vwuxfwxuh dqg Lqyhvwphqw
Surri ri Fruroodu| 515= Sursrvlwlrq 514 vkrzv wkdw U+{>e,^4h`^.ui`  3 ; h 5 ^h>h`> dv ghqhg lq
htxdwlrq +G17,1 Htxdwlrqv +G18, dqg +G19, xvh wkh lpsolflw ixqfwlrq wkhruhp wr vkrz wkh ghulydwlyhv
ri u+{,1 Wkh vljq ri uh+{, lv srvlwlyh e| vlplodu dujxphqwv wr wkrvh ri fruroodu| 5141 Wr vljq uui+{,
dqg u￿+{,> L xvh htxdwlrq +4:,
H Surri ri Fruroodu| 6
gh
gui
































L￿+{,@ Qk+h,h￿+{,￿+{,A3 Lui+{,@ Qk+h,
gh
gui
? 3 L!+{,@ QK!+h>!, A 3 +H16,
Htxdwlrq +H14, xvhv htxdwlrq +4:, dqg sursrvlwlrq 514 wr vkrz wkdw wkh orzhu fxwr lqfuhdvhv zlwk ui1
Htxdwlrq +H15, vkrzv wkdw gh@gui A 3> wkh uvw olqh xvhv htxdwlrqv +4:,/ +F145, dqg +49,1 Wkh vhfrqg
olqh xvhv  @ g+h>{￿l, dqg htxdwlrq +E17,1 L￿+{, A 3 iroorzv iurp sursrvlwlrq 514 dqg htxdwlrq +4:,>
Lui+{, ? 3 iroorzv iurp htxdwlrq +H14,/ dqg L!+{, A 3 iroorzv iurp K!+h>!, ? 3 iru d jhqhudol}hg
fdvk lqfuhdvh1 Htxdwlrq +H16, hvwdeolvkhv fruroodu| 61
I Mrlqw glvwulexwlrq ixqfwlrq
Ohw +
>	>S, eh wkh suredelolw| vsdfh zkhuh doo udqgrp yduldeohv duh ghqhg1 Ghqh wkh vsdfh
+^3>4`>E+^3>4`,>K,/ zkhuh E+^3>4`, lv wkh Eruho hog ri ^3>4` dqg K lv devroxwho| frqwlqxrxv zlwk
uhvshfw wr wkh Ohehvjxh phdvxuh1 Zh lghqwli| wkh froohfwlrq ri doo surmhfw uhwxuqv zlwk wkh surfhvv
 = ivh = h 5 ^3>4`j lv ghqhg dv  =^ 3 > 4` $ O51 Hdfk vh>zklfk lv lghqwlfdoo| exw qrw qhfhvvdulo|
lqghshqghqwo| glvwulexwhg/ lv wkh sd|r ri d surmhfw rujdql}hg e| d up zlwk ixqgv h1 Htxdwlrq
+I14, vkrzv }h+vh>e,/ wkh sd|r ri d ulvn| ordq pdgh wr d up h zkr rzhv eh1 Rqh fdq frqvwuxfw
dq hqgrjhqrxv/ erxqghg surfhvv } = i}h+vh>e h,=h5^3>4`j/ zklfk lv ghfrpsrvhg lq htxdwlrq +I15,>
|l 9 j+|l,>| l5^3>y`>H + | l ,@4lv d frpprq idfwru1 L dvvxph wkdw vh lv vxfk wkdw k @ ikh+vh>e h,=
h5^3>4`j lv lglrv|qfudwlf/ vr
U
￿ i+$,kh+$,gS @3iru hyhu| i 5 O5/ zkhuh kh+vh>e h, lv ghqhg lq
htxdwlrq +I16,1 Qrwh wkdw H+kh,@3 1
} h+ v h>e h,@

+4  ,vh ; vh ?e h
e h ; v he h
+I14,
}h+vh>e h,  U x+e h,| l.k h+v h>e h, +I15,
kh+vh>e h, 

+4  ,vh  Ux+eh,|l ; vh ?e h
e hU x+ e h, | l ; v he h
+I16,
Li }h+vh>e h,fdq eh ghfrpsrvhg dv lq htxdwlrq +I15,/ d odz ri odujh qxpehuv dssolhv +Do0Qdmmdu*v Pdlq






U + e h, gK+h,@U + V>ui,|l
zkhuh wkh uvw lqwhjudo lv Shwwlv/ wkh vhfrqg lqwhjudo lv Ohehvjxh/ dqg V lv vxfk wkdw K+V, A 31L i
Vlv frpsdfw dqg U+V>ui, lv frqwlqxrxv d1h1 wkh Ohehvjxh dqg Ulhpdqq lqwhjudov duh wkh vdph1
Do0Qdmmdu*v uhvxow vd|v wkdw lglrv|qfudwlf vkrfnv duh glyhuvlhg dzd| lq lqwhjudwlrq1
69